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The Breeding Biology of the Herring Gull 
(Larus argentatus) 
Abstract 
The Herring Gull (Larus argentatus) breeding population 
on the I s l e of May, Scotland, has been increasing at an annual 
rate of 13 .3 per cent since 1907 when the f i r s t pair to nest 
were recorded. The breeding biology was studied from I966-I969 
to ascertain the relationship between nesting success and the 
timing of the breeding season i n a species with an apparently 
favourable food supply. 
I t was possible to extend the breeding season by 
widespread egg removal i n various sub-colonies causing re-laying 
u n t i l mid-July, Clutch-size and egg-size i n the control areas 
decreased through the season, eind continued to do so i n the 
delayed areas. However, hatching success and pre-fledging 
mortality were correlated with nesting synchronisation rather 
than the time of hatching, Predation, and p a r t i c u l a r l y 
cannibalism, were the primary cause of t h i s relationship since 
cannibals k i l l e d a higher proportion of early and late hatched 
chicks. This creates a selective advantage for laying i n the 
middle of a well defined breeding season. There was l i t t l e 
evidence to suggest that late breeding was a disadvantage 
providing that t h i s delay applied to the group as a whole. 
Various aspects of chick mortality indicate a possible 
difference i n the reproductive drive of the adults rather than 
an effect of food shortage. The t h i r d chick to hatch i n a 
brood suffers a much higher post-hatching mortality than 
either of i t s siblings. An egg treinsfer experiment showed 
that both the hatching sequence and the comparative smallness 
of the c-egg contributed to t h i s d i f f e r e n t i a l morteility, as 
egg size and chick mortality are closely correlated. The 
period between incubation and parenthood involves behavioursil 
cheinges that some adults f i n d d i f f i c u l t y i n executing, and 
the mortality differences and the incidence of kronism may 
be examples of t h i s i n a b i l i t y of adults to adjust to a 
complete brood. 
SECTION ONE 
INTRODUCTION 
Most animals i n temperate regions breed at a regular 
time of the year, and indeed t h i s seasonal a c t i v i t y has long 
been the subject of authors and poets a l i k e . The occurrence 
of breeding seasons presupposes both a selective advantage of 
r e s t r i c t i n g reproduction to a li m i t e d time of the year 
(ultimate f a c t o r ) , amd also a timing mechanism which ensures 
that breeding takes place at that time (proximate f a c t o r ) . 
Rowan (1926, 1938) pioneered the research showing 
that variations i n day length and other features of the 
environment a f f e c t the time and rate of gonad development. 
The seasonal supply of food ultimately regulates t h i s time 
of breeding (Baker 1938), whilst the response to these 
external s t i m u l i are adaptations so that the young are reared 
at a time when food i s generally abundant (Lack 1954). The 
proximate factor (e.g. day length) may therefore be quite 
separate from the ultimate factor of food requirements. 
For example, i t i s necesssury for some bi r d species to lay 
eggs at a time when food i s not so p l e n t i f u l i n order that 
t h e i r young hatch during the peak of food a v a i l a b i l i t y . 
Perrins (1970) has recently siumnarised the evidence 
for the advantages of early breeding i n birds; namelj^ that 
more young are raised, but has also shown that the onset of 
laying i n some species i s r e s t r i c t e d by the physiological 
state of the female. In other words, the breeding season 
may be postponed u n t i l the femsuLe c£in f i n d enough food to 
form eggs. However, i t i s ailso possible that some species could 
breed even e a r l i e r than they do, and no evidence was forthcoming 
to suggest that the young of very early breeders do not survive. 
Therefore Perrins (1970) concluded that there was "an over-
whelming advantage i n breeding early". 
The termination of laying l a t e r i n the season must 
involve other s t i m u l i , for i t occurs at a time when there i s 
usually enough food for both adults and young. Various 
phenomena i n the breeding biology of birds have been regarded 
as adaptations to a worsening food supply for the young. For 
example, the clutch size of nidicolous species i s adapted to 
the largest number of young which the parents can normally 
rsd-se (Lack 1954), sind the reduction i n clutch size noted i n 
the Kittiwake*(Coulson & White 1958a), Great T i t (KLuijver 1951) 
and Oystercatcher (Harris 1967) as the season progresses merely 
r e f l e c t s the poorer chance of raising young l a t e r i n the season 
(Perrins 1970), 
However, seasonal variation i n such factors as clutch 
size, egg size and breeding success may be complicated by a 
superimposed variation attributable to the age of the female 
(Coulson & White 1958b, Snow 1958, Goulson et a l 1969), and 
also to the state of the pair bond relationship (Coulson I966), 
Nevertheless, although young birds breed l a t e r , lay fewer and 
smaller egga^ and are less successful parents than older birds, 
t h i s age effect only accounts for a proportion of the t o t a l 
v a r i a t i o n observed. There are exceptions, for although l a t e r 
breeding Shags and Kittiwakes of any age group lay smaller eggs 
S c i e n t i f i c names are l i s t e d i n Appendix X I I , 
than do the early breeders (Coulson et a l 1969), the Great T i t 
lays larger eggs as the season progresses; and Perrins (1970) 
suggested that the birds "which lay early are presumably 
laying small eggs because they cannot get enough food to lay 
larger ones and i t i s more important to lay early than to lay 
large eggs". 
The ultimate factor of food a v a i l a b i l i t y , and to 
what extent i t affects the breeding success of late hatching 
chicks, i s questionable i n some species and poorly documented 
i n others. A decline i n nesting success with date of laying 
has been observed i n the Lesser Black-backed Gull (Brown 1967), 
Herring Gull (Paynter 1949, Kadlec et a l I968) and Oyster-
catcher (Harris 1969), but early hatching Black-headed Gulls 
were also less successful than those hatching within the peak, 
as the l a t t e r suffered less predation (Patterson I965). 
Conversely, Harris (I969) found a marked increase i n the 
survival of Herring Gull chicks as the season progressed. 
Whether laying dates are important i n determining the extent 
of post-fledging survival i s not generally known, although no 
correlation was observed i n the Oystercatcher (Harris 1969), 
An investigation of t h i s nature requires an extensive ringing 
and recapture programme and a fore-knowledge of the approximate 
hatching date of the ringed p u l l i . 
I t i s d i f f i c u l t to determine whether thi s seasonal 
decline i n nesting success i s d i r e c t l y related to food supply 
or to alternative factors. Not only do young birds breed 
l a t e r and produce fewer fledglings but l a t e r breeding birds 
of any age group may also show a decrease i n nefsting success 
(Coulson et a l I969, Perrins 1970). This may indicate a 
variatio n i n the physiology and quality of the individuals 
(Coulson 1968), and the poorer breeding success may merely 
be a res u l t of a lack of parental care irrespective of the 
state of food a v a i l a b i l i t y . Alternatively, i f food i s 
l i m i t e d , these individuals would compete less favourably 
than others and t h e i r offspring, hatching l a t e r i n the season, 
would be the f i r s t to suffer. 
The nvimbers of many European sea-bird species have 
increased over the l a s t half century, none more so than the 
Herring Gull. Eggeling ( I960) described the build up i n 
numbers of breeding pairs of Herring Gulls on the Isle of May, 
Scotland, where there was only one pair i n 1907i but 3,000 
pairs i n 1953 - 1958. Hxunan waste has provided this species 
with an improved and r e l a t i v e l y constant source of food 
(Hickling 1967), and t h i s has probably created the comparatively 
low f i r s t year and adult mortality i t suffers, p a r t i c u l a r l y i n 
the winter months (Harris I 9 6 3 ) . The c o n f l i c t i n g views 
concerning the effect of the season on i t s nesting success 
may be indicative of the a v a i l a b i l i t y of food. Indeed, the 
survival of chicks from supplemented broods of the Glaucous-
winged Gull (Vermeer I 9 6 3 ) , Gannet (Nelson 1964), Gannet and 
Lesser Black-backed Gull (Harris & Plumb I965) were regarded 
by Lack ( I966) as the result of an unusually favourable food 
supply at the colonies concerned. 
A study was therefore carried out on the Herring Gulls 
of the I s l e of May, Scotland, to investigate i n detail the 
seasonal aspects of the breeding biology. This was to cover 
not merely normal breeding, but also an experimentally extended 
season, so that any effects due to the date of laying would be 
exaggerated. Furthermore, through a large scale colour-ringing 
programme i t was hoped to compare the post-fledging survival of 
early and late-hatched chicks. As the Herring Gull i s capable 
of re-laying after a l o s t clutch the season was extended by the 
removal of clutches i n certain areas of the island. However, 
egg removail produces i t s own effects which should be separated 
from any influence the time of laying may have on the breeding 
biology. I t was therefore necessary to examine the size and 
component parts of r e - l a i d eggs i n case the experimentation 
created em a r t i f i c i a l lowering of nesting success. 
The a v a i l a b i l i t y of food has wider implications 
than i t s ultimate effect on breeding seasons, for i t i s generally 
accepted that food l i m i t s the numbers of most animals. There i s , 
however, some controversy concerning the processes by which t h i s 
regulation occurs. Lack (1954, I966) states that food d i r e c t l y 
l i m i t s numbers and that "starvation outside the breeding season 
i s much the most important density-dependent factor i n wild 
birds". In addition, reproductive rates are regarded as 
being "as rapid as the environment and the bird's capacities 
allow", and the balance between b i r t h rates and death rates 
i s a t t r i b u t e d to density-dependent mortality. An alternative 
view has been expressed by Wynne-Edwards (1962) who suggested 
that food i n d i r e c t l y regulates animal niimbers, since 
behavioural mechanisms keep the populations near the optimum 
l e v e l but below the l e v e l where overpopulation and starvation 
would occur. The major difference between these two theories 
i s that the f i r s t r e l i e s i m p l i c i t l y on natural selection for 
i t s ultimate regulation, whereas the second envisages group 
selection and a s o c i a l l y induced control i n population 
densities. 
I t has previously been stated that various aspects 
of the breeding season may indicate the avedlability of food. 
However, there are also forms of behaviour that can be related 
either to a l i m i t e d food supply, or to a homeostatic mechanism 
reducing the potential recruitment of the population to the 
s o c i a l l y induced l e v e l . For example, asynchronous hatching 
i s interpreted by Lack (1954) as an adaptation to an luipredict-
able food supply, reducing the brood-size to the a v a i l a b i l i t y 
of food without jeopardizing the survival of the older young. 
Likewise, cannibalism may be regarded as the u t i l i s a t i o n of 
an additional source of food (Ashmole I963). Alternatively, 
both asynchronous hatching and cannibalism are "adaptations 
evolved to curb recruitment" by eliminating a surplus offspring 
(Wynne-Edwards I962). 
The Herring Gull i s known to be cannibalistic 
(Moreau 1923, Paynter 1949, Paludan 1951, Harris 1964, 
Brown I967), but whether the chicks hatch asynchronously or 
suffer a d i f f e r e n t i a l mortality i s not clear (Paludan 1951, 
Harris 1964), I t therefore seemed worthwhile investigating 
whether such pre-fledging mortality occurred on the Isle of May 
eind, i f so, the l i m i t a t i o n s i t imposes on recruitment and i t s 
relationship with the overall food supply. 
To summarise, t h i s research was primarily concerned 
with the relationship between the breeding biology and the 
timing of the breeding season i n a species whose recent 
population increase indicated a favourable food supply. 
Whether the population densities and recruitment of the 
Herring Gull are under a homeostatic control, or merely 
governed d i r e c t l y by the a v a i l a b i l i t y of food presented an 
additional and related study. The f i e l d data were collected 
during the years I967-69 inclusive, and also during the pre-
fledging period i n I 9 6 6 . 
PLATE I . A e r i a l photograph of the I s l e of May. 
(kind permission of Aerofilms Ltd.) 
SECTION TWO 
GENERAL METHODS 
2 . 1 The Study Area 
The I s l e of May marks the gateway to the F i r t h of 
Forth, l y i n g about s i x m i l e s from the F i f e coast to the north, 
and about ten miles from E a s t Lothian coast to the south 
(F±s,l) (Nat,Grid.Ref: 655995) . With i t s long a x i s due north-
west south-east, the i s l a n d i s a mile i n length and a t h i r d of 
a mile broad, covering an area of IkO a c r e s ( P l a t e 1, F i g . 2 ) . 
« 
The May i s a mass of igneous rock, r i s i n g 150 f e e t 
out of the sea on the west s i d e , and sloping to sea l e v e l on 
the e a s t . I t i s pa r t of a s i n g l e s i l l of o l i v i n e d o l e r i t e 
(greenstone) dating to the Carboniferous age (Walker 1 9 5 6 ) . 
Eggeling ( I 9 6 0 ) s t a t e s that the climate of the May 
i s n o t i c e a b l y d r i e r than that of the adjacent coast of the 
mainland. The average r a i n f a l l i s l e s s than 22 inches a 
year, and some of t h i s f i g u r e i n c l u d e s spray which can 
drench the May during g a l e s . Such gales and spray burn the 
vegetation i n the winter causing hardship to the many r e s i d e n t 
r a b b i t s . 
The most abundant of the breeding b i r d s i s the 
Her r i n g G u l l . T h i s s p e c i e s has i n c r e a s e d p r o g r e s s i v e l y 
and s p e c t a c u l a r l y from a s o l i t a r y p a i r i n 190? to over 
14 , 000 p a i r s i n I968. Past records show that the Herring 
G u l l c o l o n i e s were a t f i r s t confined to the rocky edges of 
the i s l a n d . Over the l a s t decade they moved i n t o the more 
Figure 1, 
South-east coast of Scotland showing the I s l e of May 
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c e n t r a l vegetated region and now occupy 65?f of the t o t a l area 
of the i s l a n d . The L e s s e r Black-backed G u l l s £ire l e s s 
numerous, t o t a l i n g 1,500 p a i r s and forming semi-discrete 
c o l o n i e s i n l a n d of the Herring G u l l n e s t s . Apart from 
the c l i f f d w elling E i t t i w a k e , the only other breeding g u l l 
i s the Greater Black-back whose numbers rose from three (I966-68) 
to four p a i r s i n I969. 
S e v e r a l east-west f a u l t s c r o s s the i s l a n d which 
d i v i d e i t i n t o convenient working a r e a s . I n general the 
study was r e s t r i c t e d to the l e s s vegetated regions. Here, 
very few L e s s e r Black-backed G u l l s n e s t , and almost pure 
H e r r i n g G u l l c o l o n i e s are found. A deep f a u l t i s o l a t e s 
n e a r l y 22 a c r e s to the north of the i s l a n d . This £irea 
i n c o r p o r a t e s two regions c a l l e d North Ness and Rhona 
( F i g , 2 , P l a t e 2 ) , and i s reached by a bridge. Therefore, 
a c c e s s to i t can be somewhat r e s t r i c t e d and the n e s t s 
consequently l e s s disturbed by v i s i t o r s than elsewhere on 
the i s l a n d . 
The I s l e of May i s the property of the Commissioners 
of Northern Lighthouses, The B i r d Observatory and F i e l d 
S t a t i o n was e s t a b l i s h e d i n 193'*' and i n 1956 the i s l a n d was 
declared a National Nature Reserve, V i s i t o r s manning the 
B i r d Observatory t r a v e l by boat from Anstruther and l i v e i n 
the Low L i g h t , T h i s f i x e d l i g h t , b u i l t i n l8k^-kk, ceased 
to operate when the North Carr L i g h t s h i p was positioned o f f 
F i f e Ness, From then onwards i t provided accommodation, 
i n i t i a l l y f o r one of the lighthouse keepers and l a t e r f or 
o r n i t h o l o g i s t s . 
PLATE 2a . Central area of North Ness sub-colony showing 
nest s i t e s . 
PLATE 2b. View from the north of the I s l e of May, showing 
North Ness control area i n the foregroiind. 
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2,2 Generail methods 
Marking n e s t s and, eggs 
A l l n e s t s i n the areas studied were marked with 
12 X 1 X 1/k i n c h s t a k e s , and numbered by waterproof black 
f e l t pens. These pens are the most permanent and s e r v i c e a b l e 
of those t r i e d , and they are a l s o u s e f u l f o r marking eggs 
( P l a t e 3 ) . Despite the blotched brown, o l i v e , and dark 
green colour of the s h e l l s , black i n d e l i b l e ink can s t i l l 
be l e g i b l e a t the end of i n c u b a t i o n . F i r s t , second and 
t h i r d eggs i n a brood were numbered before the next egg i n 
the c l u t c h was l a i d . This i n c r e a s e d the accuracy of 
c l u t c h s i z e measurements. I f a s o l i t a r y unmarked egg i s 
found i n a n e s t which p r e v i o u s l y contained a marked f i r s t 
egg, i t s i g n i f i e s that the f i r s t egg was robbed and a second 
egg l a i d . Had the f i r s t egg been unmarked, no such conclusion 
could be drawn. 
The lengths and breadths of eggs were measured to 
0.01mm u s i n g v e r n i e r c a l i p e r s , and the f a t e of c l u t c h e s 
under study was followed through to hatching. 
Catching Adults 
I t was necessary to have a reasonable sample of 
marked a d u l t s , to study i n p a r t i c u l a r s i t e t e n a c i t y , adult 
s u r v i v a l and the e f f e c t s , i f any, of continual egg removal. 
Catching adult g u l l s i s time consuming and i t i s often 
d i f f i c u l t to capture s p e c i f i c i n d i v i d u a l s . The following 
methods were employed : 
PLATE 3a. Clutch of eggs marked according to the 
sequence of laying. 
PLATE 3b. Brood of three chicks soon after hatching. 
11 
( i ) D a z z l i n g 
Large numbers of g u l l s were dazzled, e s p e c i a l l y 
on dsLPk misty n i g h t s . However, t h i s operation was r e s t r i c t e d 
to the p r e - l a y i n g period to avoid breakages and disturbsince. 
The disturbance i t causes prevents concentration of r i n g i n g 
to any one a r e a . Perhaps ten g u l l s can be caught i n an area 
of a thousand p a i r s before a l l the b i r d s panic to the sea. 
Quite soon they l e a r n to leave the i s l a n d a t the f l a s h of 
a t o r c h , 
( i i ) Trapping 
Funnel-entrance wire traps placed over the 
incubated n e s t s i s a s u c c e s s f u l means of catching a d u l t s . 
The g u l l can walk i n t o and out of the cage but, when alarmed, 
i t u s u a l l y opens i t s wings thereby preventing i t s own e x i t . 
Such a t r a p needs to be staked f i r m l y to the ground, an easy 
procedure on good s o i l , but almost impossible on rocky a r e a s . 
The method has other disadvantages, being both laborious and 
r e s t r i c t e d to the incubation period. 
( i i i ) Drugging 
Capturing g u l l s with anaesthetic drugs has 
advantages over the previous methods described. F i r s t l y , 
s e l e c t e d i n d i v i d u a l s can be caught; and, secondly, the 
degree of alarm caused i n the colony i s l e s s . Patterson (1965) 
d e s c r i b e s ]&ow he s u c c e s s f u l l y used the drug Avertin (tribromoethanol) 
f o r c a t c h i n g Black-headed G u l l s . As i t i s a d i s t a s t e f u l substance, 
i t was contained i n small g e l a t i n capsules which were concealed 
i n p e l l e t s of bread and f a t . 
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The recommended dosage of ^00-500mg of Av e r t i n 
per Kg of body weight was i n general too small f o r the Herring 
G u l l . Although there was much v a r i a t i o n i n the way i n d i v i d u a l s 
r e a c t e d to a s p e c i f i c dose, lOOOmg appeared the most e f f e c t i v e 
quantity,' I n i t i a l l y t h i s method was employed l a t e i n the 
season when a d u l t s were feeding c h i c k s . T h i s l e d to the 
r e t e n t i o n , r a t h e r than absorption, of the b a i t and often to 
the f a i l u r e of the drug to be e f f e c t i v e . When used the 
f o l l o w i n g year, j u s t p r i o r to egg-laying, more s u c c e s s f u l 
r e s u l t s were obtained. 
The b a i t e d p e l l e t s were placed near p a r t i c u l e i r 
n e s t s and i n t h i s way a small concentration of breeding p a i r s 
was caught. The r e a c t i o n time of the drug v a r i e d from 5 
to 15 minutes, and the b i r d s remained unconscious for 1 - k 
hours. During t h i s period they were kept warm and constant 
care was taken to prevent the g u l l from choking on regurgitated 
food. 
Drugged b i r d s were o c c a s i o n a l l y mobbed by t h e i r 
neighbours. An unconscious b i r d would be unmolested, 
w h i l s t a b i r d a c t i n g s t r a n g e l y would frequently be attacked. 
Whether c h i v v i e d or not, these h a l f drugged a d u l t s sometimes 
flew out to sea, where the drug would complete i t s e f f e c t . 
For t h i s reason, drugging r e s u l t e d i n a m o r t a l i t y r a t e as 
high as 10 per cent. 
Marking c h i c k s and a d u l t s 
A l l b i r d s caught during t h i s study were ringed 
with the B.T.O, monel r i n g s (11mm diameter, s i z e G), 
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I n a d d i t i o n , they were marked with colour r i n g s . The l a t t e r 
were used e i t h e r to d i s t i n g u i s h various year c l a s s e s or to 
allow i d e n t i f i c a t i o n of i n d i v i d u a l s from a distance ( p l a t e k), 
Colour r i n g s were made from I , C I . Darvic as 
descr i b e d by Coulson (I963), During the four years none of 
the c o l o u r s was seen to fade appreciably. A l l adults caught 
were marked as i n d i v i d u a l s , with two colour r i n g s on one l e g , 
and a colour r i n g over the monel on the other l e g . For these, 
t a l l D arvic r i n g s were used, made from s t r i p s I6 x 75iiim. 
Chicks were marked with a year c l a s s colour only : 
Red-1966, Yellow-1967, Blue-1968, Black-1969. Various 
combinations of the monel and colour r i n g or ri n g s s i g n i f i e d 
the time of hatching i n the season. For these, 12 x 95mm 
s t r i p s were cut from the Darvic sheet (1 /32 .inch t h i c k ) . 
Colours used did not overlap with e x i s t i n g r i n g i n g schemes 
on Herring G u l l s w i t h i n 200 m i l e s . Only one colour was 
employed each year f o r the c h i c k s . I t was f e l t that 
m o r t a l i t y based on the f i n d i n g of r i n g s , often with l i t t l e 
c a r c a s s remaining, would hold a b i a s i f d i f f e r e n t colours 
were used according to the time of hatching. For example, 
a r e d r i n g can a t t r a c t one's a t t e n t i o n more qui c k l y and 
fr e q u e n t l y than a green one. 
Marking newly hatched c h i c k s 
I n most c a s e s , monel r i n g s would not stay on 
newly hatched c h i c k s u n t i l t h e i r l e g s had grown for at 
l e a s t f i v e days. I t was imperative to mark chi c k s at 
hatching, f o r a l a r g e percentage of p r e - f l e d g l i n g m o r t a l i t y 
PLATE 4 a , Adult Herring Gull on nest. 
PLATE 4b. Colour-ringed adult Herring Gull, 
1^ 
occurs i n the f i r s t week; and a l s o i t was necessary to 
d i f f e r e n t i a t e between f i r s t , second, and t h i r d c h i c k s i n 
a brood, Marshall (pers.comm.) e f f e c t e d a means of marking 
E i d e r ducklinjgs by u s i n g r i n g s cut from i n s u l a t i n g tubing. 
Although the same i n t e m a i l diameter as the monel r i n g , they 
could be s l i p p e d over the l e g and temporarily held i n place 
v±th a s t a p l e pinching one edge together ( f i g . 3 ) . These 
r i n g s could l a t e r be cut o f f and replaced by the monel and 
Darvic r i n g s . I f l e f t , the s t a p l e q u i c k l y rusted and 
would be p u l l e d apart by^ the growing l e g . The tube would 
then open to the f u l l diameter without i n j u r y or c o n s t r i c t i o n 
to the b i r d ' s l e g , 
Badio Spares o f f e r a good range of coloured 
i n s u l a t i n g tubing of various diameters, w h i l s t a Bambi s t a p l e r 
was q u i t e strong enough to push through the p l a s t i c . I t was 
found t h a t the n e s t numbers, and other information, could be 
w r i t t e n on yellow or white tubing by using fine-pointed red 
f e l t pens. These f i g u r e s did not wear o f f q u i c k l y and could 
even be read on a r i n g swallowed and regurgitated by a 
c a n n i b a l i s t i c Herring G u l l . Therefore, the fate of newly 
hatched c h i c k s could be followM^^ through to fledging. 
Figure 3. 
Method of r i n g i n g c h i c k s a t hatching using i n s u l a t i n g tube and 
s t a p l e s ; and photograph of t h i s method being applied to a 
Herring G u l l chick 
METHOD OF RINGING 0 - 6 DAY OLD CHICKS USING 
STAPLED INSULATING TUBE 
- / 
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2,3 Delaying the breeding season 
Introduction 
The Herring Gull i s a useful bird to study. 
I t i s common to the extent of becoming a pest; and so 
i t s eggs can be removed, nests destroyed and the breeding 
b i r d generally disturbed without undue public reaction, 
furthermore, as a species capable of re-laying after a 
l o s t clutch, i t lends i t s e l f to reseeo'ch on the effects 
off delayed breeding. 
A study of the effects of the season on breeding 
success should aim to satisfy at least two c r i t e r i a . 
F i r s t l y , the length of the breeding season should be maximal. 
Secondly, any seasonal v a r i a b i l i t y inherent with differences 
i n the age composition of the breeding birds should be 
eliminated i f possible. For instance, a def i n i t e correlation 
i s found between the age of the adults and the time of laying 
i n the Kittiwake (Coulson & White 1958b), and many other species. 
As the Herring Gull also conformed to t h i s pattern (Drost et a l 
1961), then seasonal v a r i a b i l i t y might only r e f l e c t the age 
structure of the population. 
Delaying the breeding season by egg robbing results 
i n the early breeding adults relaying at the same time as the 
l a t e r breeding younger birds. In addition i t spreads over 
a longer period thein the three or four weeks recorded i n 
undisturbed conditions, and therefore exaggerates the time 
factor and perhaps i t s effects. 
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Method 
In 1967 the island was divided i n t o f i v e e3q>erimental 
areas and three controls, each containing over 500 nests. 
The breeding season was progressively delayed i n the experimental 
areas by selective removal of eggs (see section 7). The 
following year, to reach a happy medium betijeen quantity and 
qu a l i t y , a single control area was compeired with one 
experimentally delayed area. At the same time, over half 
of the t o t a l nests on the islsind were robbed generally to 
delay the breeding season. 
Egg removal was obviously a crude method to employ, 
a l b e i t the only pr a c t i c a l one. I t presented a ntuaber of 
problems that required studying : 
i ) The overall a b i l i t y of the Herring Gull to re-lay, 
i i ) The percentage re-laying according to the length 
of time incubating when the clutch was removed. 
An i n a b i l i t y to re-lay would have caused a reduction 
i n breeding density and i t s possible effect on chick 
or egg mortality; furthermore, i t would have increased 
the percentage of natural (unrobbed) late layers i n the 
area under study, 
i i i ) The variation i n clutch size with re-laying, 
i v ) The possible reduction i n egg weights or yolk 
content i n r e - l a i d clutches. 
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SECTION THREE 
THE POPULATION 
3.1 Population Increase 
Introduction 
The term population has a broad meandlng; islands 
conveniently lay down t h e i r own natural l i m i t s and, at the 
same time, colonial behaviour f a c i l i t a t e s the d e f i n i t i o n of 
these l i m i t s . On the I s l e of May, Herring Gulls f i r s t bred 
on the North Ness and the more recent colonisation was at 
the South Ness. However, despite the spread of gulls from 
colony to colony and the development of sub-colonies, the 
May population refers to the breeding pairs i n toto. 
The measurement of population growth most commonly 
used i s the i n t r i n s i c rate of natural increase, r . I t i s 
calculated i n terms of absolute time, rather than the length 
of a generation. Also, exponent r i s applicable to a 
population which i s expanding at an exponential rate, 
without density dependent checks. As such i t indicates 
the p o t e n t i a l power of increase under the particular regime 
of mo r t a l i t y and b i r t h rate, within which the measurements 
aire made. Once such a figure i s obtained, i t i s possible 
to investigate reasons why the regime encourages t h i s degree 
of growth, what factors contribute most towards i t and, i f 
necessary, the control methods most l i k e l y to discourage 
the increase. 
Growth of the May population 
Various population estimates have been recorded 
since the f i r s t pair were seen to breed on the I s l e of May 
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i n 1907 (Baxter & Rintoul 1925). Unfortunately, many of 
these t o t a l s sire of only certain parts of the island, whilst 
others f a i l to state clearly whether nests, pairs of birds, 
or individuals were counted. Nevertheless, the estimates 
reproduced i n Fig,4 clearly show a geometrical increase 
r e s u l t i n g i n a population of approximately 12,000 pairs i n 
1967. This value was assessed by counting a l l the nests 
i n the northern area (over 5 ,000), and estimating the t o t a l 
by comparison. Furthermore, the r a t i o of marked to unmairked 
fledglings was 1:1 near the end of the season at a time when 
fledging success was calculated to be about 1,0 chicks per 
pair. Since 6,000 chicks had been ringed, i t follows 
that there was a t o t a l of more or less 12,000 pairs of 
Herring Gulls breeding that year. 
Plottin g log no, pairs against years ( f i g , 5 ) 
y = 0,05^x + 0,43 
when 
P.- . PI s= No, pairs at time t l 
— '=- (1 + r ) P2 = No. pairs at time t2 
o t = No. years t2 - t l 
r = rate of population 
increase 
the rate of increase of the breeding population on the island 
i s calculated to be--13.3% per year. Although no complete 
census was attempted i n I968 or 1969, a l l evidence suggests 
that t h i s rate of increase has continued. Subjectively, 
gulls were seen to nest i n new areas, encroaching towards 
the centre of the island. Furthermore, the nests i n the 
study areas grew more dense i n both years at a rate comparable 
to the calculated exponent (Table l ) . 
The population increase of Herring Gulls breeding on the 
Isle of May 
Estimates taken from Eggeling (1960), "Special Notes" - Isle of May 
Bird Observatory library, and from this study. 
Figure 4. 
Estimates of the number of breeding pairs 
1907 - 1969 
Figure 5. 
Log. number of breeding pairs 
1907 - 1969 
THOUSANDS 
OF PAIRS 
BREEDING 
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OF PAIRS 
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1910 1930 1950 1970 
YEAR 
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Table 1. Number of nests i n areas of North Ness 1967-1969 
and the percentage annual increase 
No. nests % increase 
1967 670 
AREA A. 
1968 810 209S 
1968 186 
AREA B 
1969 210 13% 
Similar records of the breeding pairs of Lesser 
Black-backed Gulls taken from Eggeling (I96O), when plotted 
on a log scale, show the same increase over more recent years. 
The rapid rise i n numbers from the f i r s t pair i n 1931 steadied 
down to a rate of 13% per year, which resulted i n a I969 
estimate of approximately 1,500 pairs. This would suggest 
that the overall conditions are similar f or both species 
despite t h e i r •^behavioural differences. 
Comparison with other studies 
The I s l e of May Herring Gulls, therefore, double 
t h e i r breeding nxmbers i n about six years, Heirris (I963) 
records the numbers of the Larus gulls breeding on the 
Pembrokeshire islands. An analysis of his censuses shows 
that the Herring Gulls on Skomer and Skokholm up to 1962 
had doubled t h e i r nxunbers i n 20-25 years. This i s a much 
20 
slower growth rate than either the May or the New England 
Herring Gull population. In the l a t t e r , t h i s species has 
increased at about 69* per year, doubling every 12-15 years 
(Kadlec & Drury I 9 6 8 ) , I t i s notable that a comparable 
average yearly increase of 5.59^ i s recorded for the 
Glaucous-winged Gull breeding on Mandrate Island, B r i t i s h 
Columbia (Vermeer I 9 6 3 ) . To summarise, a l l these 
populations appear to be increasing. On the May, the 
rate of 13,3% per year represents the highest growth rate, 
whilst two species of gulls i n Canada are both increasing 
annually at about 6%, On the west coast, the g u l l colonies 
on the Pembrokeshire islands were increasing at 3 - ^ per cent 
per year. Over the l a s t ten years t h i s rate has more thein 
doubled to 8-10 per cent (Heurris pers,comm,) which i s 
comparable to the 9.5 per cent recorded for both the 
Herring and Lesser Black-backed Gulls i n the V/alney 
colonies (Brown I 9 6 7 ) . 
Quite how much of these increases i s due to 
immigration i s d i f f i c u l t to estimate. Certainly a large 
contribution i s made t h i s way to small, newly developing 
colonies. The Herring Gull population at Wilhelmshaven 
rose from 2 pairs i n 1 9 ^ to 132 pairs i n 1957, at a rate 
of over 30% per year (Drost et a l I 9 6 I ) , Only i n 1953 
did birds previously born i n the colony return to breed, 
adding less than 5% to the population. The remainder 
were a l l immigrants. Brown accounts for the sharp build-
up of the Walney gulls by postulating a massive immigration 
i n the early 1950s , 
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The other large, more stable populations probably 
r e c r u i t the majority of new breeders from within th e i r own 
ranks. Gulls are known to show a strong s i t e tenacity 
(see Section 4), and tend to breed where they have been 
raised (Tinbergen 1953); these factors are indicative 
of a non-immigratory population growth. Certainly there 
have been no reports of diminishing Herring Gull colonies 
along the Scottish east coast. 
The breeding numbers of several other species 
of sea-birds have b u i l t up i n recent years sdong the north-
east coast of B r i t a i n , For example, the Kittiwakes at 
North Shields (Coulson pers.comm.), and the Shags on the 
Fame Islands (Potts 1969) have both increased at an overall 
rate of 115^  per year. On the I s l e of May i t s e l f , the 
censuses of nearly a l l the breeding sea-birds have shown 
a marked increase over the l a s t decade, except for the 
tern species. 
3.2 Causes of Increase 
Introduction 
Two factors have been cited as the cause of t h i s 
population increase; f i r s t l y , the a v a i l a b i l i t y of the food 
supply and, secondly, the relaxation of predation, 
Tinbergen (1953) quotes an example where declining 
numbers of foxes, followed by protection against egg robbing 
by humans, were both responsible. Similarly Kadlec et a l -
(1968) ascribe the growth of the New England Herring Gull 
population to diminishing pressure from humans l i v i n g 
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along the Maine coast. I t may be noted that the lowest 
rate of increase i n B r i t a i n was at Skomer (.&%), On t h i s 
island, Harris (196^) states that the Greater Black-backed 
Gull i s a very important predator of g u l l chicks. Since 
t h i s form of predation does not occur on the I s l e of May, 
nor i n the other colonies, i t could have a l i m i t i n g effect 
on Skomer, 
Although the Herring Gull i s a competent fisher 
i n i t s own r i g h t , i t has f u l l y made use of the food source 
provided by human waste. This source i s unique, for i t 
i s reasonably constant and, more important, i t i s available 
during the winter months. Possibly, t h i s improved feeding 
led to a decrease i n mortality during the winter (Hickling 
1967, Vemeer 1963)$ and subsequent increase i n the survivail 
and numbers of the species. An suaalysis of Herring Gull 
recoveries (Harris I963) shows a large post-fledging 
mor t a l i t y of f i r s t - y e a r birds, p a r t i c u l a r l y i n September 
and October, The main mortality of older birds occurs 
i n the summer months and neither category appears to suffer 
to any extent i n mid-winter. The I s l e of May recoveries 
w i l l be discussed i n Section 9. One f i n a l piece of 
evidence on the importance of human waste may be obtained 
from Fordham's (I967) work on the Dominican Gull, The 
population i n New Zealand grew rapidly i n the l a s t quarter 
century; and, more interesting, the colonies with the 
fastest rate of increase are near msui-made food sources. 
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Several studies have been made of the stomach 
contents of Herring Gulls. The results vary considerably 
from place to place and also through the year. The main 
foods can be categorised as follows : 
( i ) Fish and Fish Offal 
I t was previously stated that the Herring Gull 
i s competent at catching f i s h . The stomach contents of 
some Herring Gulls on inland waters showed 77% contained 
r i v e r f i s h caught naturally by the birds (Mendal 1939), 
In generfil, though, analysis shows unsaleable f i s h and 
f i s h o f f a l the most frequent form of th i s food, Boswall 
(1960) witnessed the wastage of over two hundred weight of 
l i v e r and e n t r a i l s , and seven hxmdred weight of unsaleable 
f i s h on a seine-net fishing t r i p . Studies by Collinge 
(192^27), Deusing (1939), Otterlind ( 1 9 ^ ) , Spark (1951), 
Belopol'skii (1957), and Harris (I965) a l l conclude that 
f i s h and f i s h o f f a l were the commonest food items, 
( i i ) A g ricultural material 
Herring Gulls sire frequently seen on agricultural 
land especially during the non-summer months. Cereals, 
corn eind vegetable matter have been found i n most of these 
anal y t i c a l studies and, i n a few, cereeils were recorded as 
the major food (Florence 1912-15, Ward 1914, Davis 1956), 
Gulls feed on newly sown grain i n March and A p r i l and also 
on turnips during hard weather (Lloyd I969). They congregate 
round piggeries and forage on the pig food, causing a nuisance 
to farmers. 
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( i i i ) Human W^ste 
With an increase i n human population, and the 
standard of l i v i n g , comes a corresponding increase i n refuse. 
Formerly, waste food was often burnt either i n f i r e s at home 
or i n destructors at the refuse disposal unit s . In recent 
years i t has been dealt with by controlled open tipping 
(Hickling I967) w h i l s t , i n the home, f i r e s are now restri c t e d 
to smokeless f u e l . Refuse, a quick and easy food supply, has 
been f u l l y exploited by g u l l s , Hickling suggests that t h i s 
form of feeding i s further encouraged by the local a v a i i l a b i l i t y 
of safe winter roosts, nsunely, c i t y reservoirs. Both Heo'ris 
(1965) and Brown (I967) note the predominance of waste food 
i n t h e i r respective studies, 
( i v ) Invertebrates 
Several other types of food form a considerable 
part of the Herring Gull's prey. Beetles, limpets, crabs 
and earthworms are among the main species, although Focke's 
(1959) analysis showed that molluscs (especially Cardium) 
were most frequently taken. 
The variation i n food preferences analysed by these 
studies probably r e f l e c t s the local s i t u a t i o n . Moreover, 
i t points to a v e r s a t i l i t y i n the diet of t h i s species, 
which i s the key to i t s success. 
Food Source f o r the I s l e of May Gulls 
Individual gulls often have t h e i r own food 
preferences. For example, some eat large numbers of earth-
worms, others r e s t r i c t themselves somewhat to garbage. 
25 
More s t r i k i n g i s the annual occurrence of cannibalism, 
with the same individuals consistently changing to a diet 
of young g u l l chicks i n June and early July (see section 8), 
Despite?these singular choices, the Herring Gull 
i s capable of adjusting to dif f e r e n t food sources according 
to the prevailing conditions. Table 2 shows an analysis 
of food regurgitated by the young Herring Gull chicks during 
July, Normally, f i s h and f i s h offeil predominate i n the di e t . 
This i s collected from the many seine-netters based on the 
Fife f i s h i n g towns. However, there are some days when the 
boats remain i n harbour; for instance, during gales, or 
over the weekend. Food regurgitated on S^ n^days has a 
much more variable composition, with f i s h one of the less 
frequent meaJLs, 
Table 2, Crude analysis of food regurgitated by Herring Gull 
chicks on a normal weekday, and on a Sunday 
Weekday Sunday 
Food item No,samples % t o t a l No,samples % t o t a l 
Fish 39 78 3 5 
Worms 6 12 l6 25 
Meat (not f i s h ) 2 4 13 21 
Grain 1 2 20 32 
Bread 2 k 11 17 
Difference i n f i s h content between weekday sind Sunday 
P<0.001 (X^ = 64.0) 
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In conclusion, i t seems that there has been an increase i n 
the actual amount of food, eind of i t s aveuLlability, followed 
by a change i n behaviour of the gulls to exploit these food 
sources f u l l y . Together, these factors xvould encourage the 
sort of population increase that has been witnessed, 
3.3 Herring Gull - the pest 
Two questions derive from the details of population 
increase. F i r s t l y , whether Herring Gull nimbers have reached 
pest levels; and, secondly, what type of nuisance does the 
species cause, 
i . W i l d l i f e conservation 
Some species have been seriously affected by the 
increase i n Herring Gulls, Although terns, p a r t i c u l a r l y 
Sandwich Terns, are notoriously unpredictable birds, their 
absence from the I s l e of May can be blamed entirely on 
Herring and Lesser Black-backed Gulls. Up to the early 
1950s several thousand terns of four species bred regularly 
•on the island. They were progressively deprived of thei r 
breeding areas by the gu l l s , so that since I96O none has 
nested (Eggeling I96O), Other species, including Shag, 
Fulmar, Oystercatcher and'Eider Duck suffer high egg and 
chick losses to the g u l l s . Also, small passerine migrants 
are occasionally taken and eaten. 
Not only do the animals suffer, for the vegetation 
on the island i s also changing rapidly. The adults tear up 
grass for nesting material, while the vast amount of guano 
encourages specialised plants, at the same time discouraging 
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many less hardy species. I n some peirts of the May (e.g. 
the Maidens) serious erosion problems are resulting from 
these circumstances. 
I t would appear that the Herring Gull has become 
a pest on t h i s Nature Reserve. Admittedly, conservation 
often allows nature to take i t s course, but when the humcm 
race i s responsible for upsetting the beilance of nature, 
control methods should be employed to a l t e r the imbalance 
that has resulted, 
i i . Air strikes 
Reports of col l i s i o n s between a i r c r a f t and birds 
are infrequent, and few f a t a l i t i e s to man occur. However, 
the annual cost to the Royal Air Force has been estimated 
at approximately £1 m i l l i o n s t e r l i n g and, i n B r i t a i n , 
one h a l f of the reported b i r d strikes involve gulls 
(Brough 1969). S t a t i s t i c s such as these reveal a problem 
when new a i r f i e l d s are being considered i n areas known to 
be l£irge g u l l roosts, e,g. Foulness, 
i i i . Infection 
Gulls have been implicated as the carriers of 
several types of i n f e c t i o n . For example, Brough (I969) 
states that they were probably vectors of avian tuberculosis 
which recently struck a herd of c a t t l e . Tubercle b a c i l l i 
have been found i n several species which are common i n 
B r i t a i n , whilst abroad, bovine cysticerosis has been 
associated with g u l l s . 
Various Salmonella sp, have been isolated i n 
Herring Gulls (Wilson & Macdonald I967), including 
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Salmonella typhimuritun from f u l l y grovm chicks from the 
I s l e o f May I968, I n t h a t year several f l e d g l i n g s died 
i n the l a t e summer (see section 8), and of s i x carcasses 
analysed at Lasswade, four contained t h i s organism. 
Although the l a b o r a t o r y r e p o r t d i d not suggest that the 
Salmonella caused death, i t suggested t h a t death was 
accelerated i n these weak and under-weight chicks. 
The g u l l s probably p i c k up the i n f e c t i o n s from 
refuse t i p s or sewage o u t l e t s . Their h a b i t of r o o s t i n g 
on freshwater r e s e r v o i r s causes concern, f o r i n t h i s way 
they could p o l l u t e the water w i t h these i n f e c t i o n s , 
i v . General Pest 
The numbers of imputations agadnst g u l l s increases 
every year. They range from accusations of Herring Gulls 
s t e a l i n g food from the hsmds of babies (Torquay town 
c o u n c i l l o r , pers.comm.), to complaints of g u l l s nesting 
on chimney pots and roof tops. The l a t t e r i s mainly a 
recent h a b i t , becoming more common, es p e c i a l l y on the 
east coast of England, The people one would imagine 
most plagued by g u l l s are the l a s t to complain. 
Several fishermen have been asked how troublesome these 
b i r d s are, but none have l a b e l l e d them as pests. 
Taken c o l l e c t i v e l y , these points advocate 
t h a t the Herring Gul l population should be prevented 
from f u r t h e r increase and, i n many cases, should be 
a c t i v e l y encouraged to decrease. 
Possible methods of c o n t r o l w i l l be examined 
i n section:|~Q, 
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SECTION FOUi? 
ONSET OF LAYING 
^.1 S i t e Tenacity 
Return to the same t e r r i t o r y 
The Herring Gul l i s knovm to be one of the 
many species of b i r d s , a l l of whom are f a i t h f u l to t h e i r 
nest s i t e over several seasons ( p h i l o p a t r y ) (Tinbergen 1953» 
Drost e t a l 1 9 6 I ) . Of 99 colour ringed adults known to 
r e t u r n t o the May i n consecutive years, only f i v e nested 
away from the close v i c i n i t y of t h e i r previous t e r r i t o r i e s . 
None of these f i v e moved more than 100yds from t h e i r o l d 
s i t e s . 
Perhaps more i n t e r e s t i n g was the r e t u r n of an 
a d d i t i o n a l 21 marked adu l t s who were prevented from 
breeding i n I968 when t h e i r eggs were c o n t i n u a l l y removed. 
With the exception of one b i r d , they were a l l breeding on 
t h e i r o l d ne s t i n g s i t e s i n I969. This represents a 5% 
f a i l u r e t o conform t o the genereil p r i n c i p a l of p h i l o p a t r y 
which, as a percentage, i s no d i f f e r e n t from the occurrence 
i n undisturbed b i r d s (5/99 =- c,5%). However, over more 
years than one, c o n t i n u a l i n t e r f e r e n c e could possibly 
reduce s i t e t e n a c i t y . 
Return t o the colony of b i r t h 
Since c o l o u r - r i n g i n g of chicks only s t a r t e d on 
the I s l e o f May i n I966, i t was too e a r l y t o see the extent 
t o which these young g u l l s r e s t r i c t t h e i r subsequent 
breeding to t h e i r b i r t h p l a c e . Several of these red ringed (I966) 
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b i r d s were seen i n the colonies when only three years o l d , 
and many more roosted around the perimeter of the i s l a n d . 
These roosts also included one- and two-year o l d Herring 
G u l l s , and the occasional two-year o l d Lesser Black-backed 
G u l l . 
Of greater i n t e r e s t was the tendency f o r these 
b i r d s t o r e t u r n t o t h a t p a r t of the i s l a n d from which they 
fledged. This was a t f i r s t s i g h t a subjective conclusion, 
based on the s i g h t i n g s o f red-ringed g u l l s i n those areas 
where r i n g i n g took place i n I966. More d e f i n i t e evidence 
was obtained from three shot b i r d s and ten whose r i n g 
numbers were read through a telescope. A l l t h i r t e e n were 
found i n the sub-colonies of t h e i r b i r t h - p l a c e s , w e l l 
demarcated areas of no more than ^ - 5 acres. These records, 
admittedly few, p o i n t towards a marked tread of young g u l l s 
to r e t u r n , not merely to t h e i r general f l e d g i n g grounds, but 
more s p e c i f i c a l l y t o sub-colonies from which they were reared. 
The importance of a strong attachment to the b i r t h -
place, and to f a i t h f u l n e s s to the nest s i t e , has been pointed 
out by Tinbergen (1953) i " I t means t h a t a species may be 
composed of many populations which, though they are often 
mixing outside the breeding season, in t e r b r e e d scarcely, 
i f a t a l l . They may be r e p r o d u c t i v e l y i s o l a t e d from each 
other a l l o w i n g them to lead to differences between 
populations, Mayr has characterised the s i t u a t i o n w i t t i l y 
by saying t h a t b i r d s have got t h e i r wings not so much f o r 
the purpose of g e t t i n g away to places, but r a t h e r f o r the 
purpose of g e t t i n g back to t h e i r t e r r i t o r i e s " . 
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4,2 The Laying Period 
Onset and duration of normal l a y i n g 
I n 1967 the f i r s t eggs were found on 26 A p r i l , 
whereas i n the f o l l o w i n g two years i t v/as on 28 A p r i l that 
eggs were f i r s t l a i d . During the l a y i n g period the study 
areas were v i s i t e d r e g u l a r l y every two days ( i n 1968-69) 
and nests staked as soon as the f i r s t egg appeared. I n 
the c o n t r o l areas, 903 and hOO nests were marked i n these 
years r e s p e c t i v e l y . I t was not possible to v i s i t the nests 
so f r e q u e n t l y i n I967 and so the b u i l d up of l a y i n g and the 
nest contents were le s s c l o s e l y observed i n the 2,339 nests 
staked i n the c o n t r o l areas t h a t year, 
A more comparable measure of the l a y i n g period 
i s the median, the date at which 50^ of l a y i n g has taken 
place, f o r i t i s l e s s a f f e c t e d by the extremes than i s 
the mean, Using t h i s value, i t was noticeable t h a t the 
seasonal d i s t r i b u t i o n of l a y i n g was remarkably constant 
through the years. Discounting repeat l a y e r s , ^0% of 
the t o t a l l a y i n g took place by 1? May (I968) and 16 May ( I 9 6 9 ) . 
S i m i l a r r e s u l t s were obtained f o r I966 (17 May), and 1967 
(18 May), by working back from the hatching data. The 
d e t a i l s of the dates of l a y i n g i n the c o n t r o l areas (I968-69), 
and the accumulative b u i l d up of clutches are shown i n 
H^-pendlx. I , 
GeographiceJ. v s i r i a t i o n i n l a y i n g dates 
V a r i a t i o n i n the l a y i n g dates of g u l l s from one 
place to Einother was noted by Harris:. (196'f), who commented 
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on the considerable d i f f e r e n c e between Paludan's (1951) 
studies and h i s own. The Danish colonies s t a r t e d l a y i n g 
as e a r l y as 11 A p r i l (19^3-^^), w h i l s t the Skomer g u l l s 
began on 22 A p r i l (I962) where Har r i s suggested t h a t the 
d i f f e r e n c e was l i n k e d w i t h day l e n g t h r a t h e r than temperature, 
However, t r a d i t i o n a l theories on day length would hold t h a t 
n o r t h European b i r d s breed l a t e r than those i n B r i t a i n 
(Lack 195^)» and so the Herring Gulls studied by Paludsin 
(1951) a t 55j° l a t i t u d e would be expected to breed l a t e r , 
not eleven days e a r l i e r , than those studied by Harris at 
51^ -° l a t i t u d e . 
A more complete p i c t u r e of the geographical 
v a r i a t i o n i n l a y i n g dates can now be attempted i n the l i g h t 
of recent studies by Drent ( I 9 6 7 ) , and Barth ( I 9 6 7 ) . The 
mean, r a t h e r than the median, was more freq u e n t l y c i t e d , 
and so the mean dates of l a y i n g the f i r s t eggs i n a l l nests 
were l i s t e d i n Table 3 f o r these studies. 
I f the r e s u l t s of the Scandinavian studies are 
taken separately, then a c o r r e l a t i o n w i t h l a t i t u d e seems 
apparent. The most n o r t h e r l y colony at Troms was the 
l a s t to l a y , the most southerly colony at Graesholm the 
f i r s t . Barth (I967) explains the r e s u l t s i n terms of 
c l i m a t e , but adds t h a t "the p a r t i c u l a r l y e a r l y dates on 
Graesholm are not e a s i l y explained." 
This c o r r e l a t i o n w i t h l a t i t u d e seems f a r less 
v a l i d when the l a y i n g dates i n Holland and B r i t a i n are 
considered. On t h e i r own they seem to substantiate the 
33 
above conclusion. The southerly Skomer colonies breed e a r l i e r 
than those on the I s l e of May, although the p a r t i c u l a r l y l a t e 
dates i n Drent's (I967) studies present an exception. 
An examination of a l l the data i n d i c a t e t h a t 
n e i t h e r day lengt h nor climate have an o v e r r i d i n g e f f e c t , 
otherwise the Scandinavian Gulls would be expected to breed 
l a t e r than the B r i t i s h colonies (Table 3). Marshall (1939) 
s t a t e d t h a t no single o v e r a l l f a c t o r i s responsible f o r the 
t i m i n g of avian breeding seasons, and t h a t the mutual 
behaviour essentieQ. to reproduction w i l l not occur u n t i l the 
environment presents the p a i r w i t h i t s species requirement. 
The l o c a l s i t u a t i o n therefore bears more relevance to the 
onset o f l a y i n g than to the general parameters of day length 
and temperature, though these w i l l also be important 
accelerators of the sexual cycle. 
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Timing and spacing of nests 
Whilst v i s i t i n g nests during the l a y i n g period, 
i t became obvious t h a t some synchronisation of l a y i n g was t a k i n g 
place. For example, the sub-colony and c o n t r o l area North Ness 
appeared as a series of smaller u n i t s , although the f i n a l nesting 
p a t t e r n gave no i n d i c a t i o n of such aggregations. Within each 
u n i t , which would contain about 10 to 20 nests, eggs were l a i d 
a t a s i m i l a r time i n the season. 
This impression was i n v e s t i g a t e d by g r i d d i n g 
North Ness i n t o 10ft squares, and p l o t t i n g the nests. An 
analy s i s was made of 52 sample areas, each 20ft square (^0 s q , f t . ) , 
w i t h i n which the nximber of nests w i t h newly l a i d clutches was 
recorded every two days through the l a y i n g period ( f i g . 6 ) , 
The accxmulation of these data gave the f i n a l nesting density, 
although i t d i d not account f o r the three dimensional spacing of 
t e r r i t o r i e s . 
I t i s generally known t h a t g u l l ' s nests are 
d i s t r i b u t e d u n i f o r m l y w i t h i n the colony, as a consequence of 
t e r r i t o r i a l behaviour (Tinbergen 1956, 1957). D i s t r i b u t i o n 
p a t t e r n s may be numerically i l l u s t r a t e d by the c o e f f i c i e n t of 
dispersion which, f o r random d i s t r i b u t i o n s , i s u n i t y : 
C o e f f i c i e n t of dispersion = Variance 
Mean 
Mean no, nests per ^00 s q , f t , sample = 16,8 
Varience = l4,8 
No, samples - 52 
C o e f f i c i e n t of dispersion = 0,88 
< ......'^ '^ v:^  
Figure 6, 
Synchronisation o f l a y i n g i n areas of North Ness 1968, 
Nests p l o t t e d on a scale diagram of North Ness according 
to the date of l a y i n g a-eggs ( i . e . 20 and 2k May) 
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The 0,05 p r o b a b i l i t y l e v e l of s i g n i f i c a n t d i f ference 
from a random d i s t r i b u t i o n i s given by u n i t y * 2x v / ^ ^ = 1 * 0,kO, 
For t h i s p e i r t i c u l a r a n a l y s i s , the c o e f f i c i e n t of dispersion was 
w i t h i n the l i m i t s 0,60 - 1,^, and the suggested uniform d i s t r i b u t i o n 
t h e r e f o r e not s i g n i f i c a n t . However, a more exact analysis was 
made of the number of nests w i t h i n a 7.5ft radius of each nest 
(Table h), A s i g n i f i c a n t (p<0.05) divergence from a random 
d i s t r i b u t i o n would be given by a c o e f f i c i e n t of dispersion 
outside the l i m i t s O.78 - 1,22 (N = 171). With a c o e f f i c i e n t 
of 0,71, the nests were d i s t r i b u t e d uniformly a t a si g n i f i c a n c e 
l e v e l of 2 per cent. This was f u r t h e r checked by a compeirison 
w i t h the expected number of nests (Poisson p r e d i c t i o n , = 11.2 
w i t h 3 degrees of freedom, p <0.02). 
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Table k. The observed and expected number of nests w i t h i n a 
7,5ft radius of a random sample of nests (N = 171), 
(Nest s i t e numbers selected from Fisher & Yates' (I963) 
random number t a b l e , and expected frequency calculated 
by Poisson p r e d i c t i o n ) , 
No, nests 
0 1 2 3 4 
Observed 56 71 40 3 1 Mean 0,96, Variance 0,68, 
Expected 66 63 30 10 2 C o e f f i c i e n t of dispersion 0.71 
X? = 11,2 w i t h 3 degrees of freedom p<0,02 
Table 5« To examine whether l a y i n g at any time i n the season 
takes place a t random throughout the colony, or i n 
synchronised groups w i t h i n the colony. The observed 
and expected niunber of nests containing nev;ly l a i d 
clutches i n each of the 32 sample areas (400 s q , f t , ) 
through the l a y i n g period at two day i n t e r v a l s 
No, newly l a i d clutches/sample/two day period 
0 1 2 3 4 3 6 7 
Observed 243 296 121 62 32 15 5 2 
Expected 187 240 154 66 21 6 1 0 
= 70,1 p< 0,001 
Mean = 1,29 
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Despite t h i s o v e r a l l spacing p a t t e r n , the onset of 
l a y i n g d i d not occur randomly or i m i f o r m l y through the sub-colony. 
Instead, small groups showed synchronised l a y i n g , f o r when the 
extent of l a y i n g w i t h i n each sample area was analysed f o r two 
day periods, the l a y i n g was aggregated (Table 5). The mean 
number of newly l a i d clutches per sample per two day period 
was 1.29 w i t h a s i g n i f i c a n t l y aggregated c o e f f i c i e n t of 
dispersion of l,kB (p< O.O5), I t i s possible t h a t not only 
l a y i n g , but also the i n i t i a l s e l e c t i o n of t e r r i t o r i e s and 
b u i l d i n g of nests occurs i n t h i s synchronised manner, and 
t h a t the cause i s s o c i a l s t i m u l a t i o n at the onset of the 
breeding season. 
One f i n a l observation was forthcoming during the l a y i n g 
p e r i o d . Clutches t h a t were l a i d l a t e i n the season were 
commonly s i t u a t e d on the edge of the sub-colony i n the more 
exposed areas. North Ness was therefore divided i n t o three 
sections; the perimeter, the centre, and between these two 
an area c a l l e d f o r convenience the boundary. The percentage 
of l a y i n g t h a t occurred i n these three areas through the 
season was recorded (Table 6), 
Table 6, 
Laying 
date 
V a r i a t i o n i n l a y i n g dates i n nests from three 
a r b i t r a r y areas of North Ness 
No, of 
nests 
up to 10 May I88 
10-18 May 28^ 
20-2^ May 25^ 
a f t e r 2k May 170 
Percentage of l a y i n g 
Perimeter Boundary 
25?^  
37% 
k3% 
53% 
37% 
38% 
3S% 
30% 
Difference 
between centre 
and 
Centre perimeter 
38^ 
25% 
19% 
13% 
p< 0,05 
p < 0.02 
p< 0,001 
p < 0.001 
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The r e s u l t showed t h a t progressively more and more l a y i n g 
took place on the perimeter as the season advanced, whereas 
i n the centre of the sub-colony most of the l a y i n g occurred 
e a r l y i n the season. The r e l a t i o n s h i p between density and 
ne s t i n g area, and subsequent breeding success w i l l be dealt 
w i t h i n Section 7. 
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SECTION FIVE 
THE PATTERN OF LAYING 
5.1 Normal l a y i n g 
To avoid confusion, the f i r s t egg l a i d by a g u l l w i l l 
be r e f e r r e d to as the a-egg; the second egg i s therefore the 
b-egg and so on. Also, a c l u t c h o f two eggs w i l l be w r i t t e n 
c/2 and a c l u t c h of three c/3. 
Normsil i n t e r v a l between eggs 
Before assessing the e f f e c t s of experimentation on 
egg l a y i n g , i t was important t o consider the normal rather 
than the abnormal c o n d i t i o n . 
The c l u t c h size o f the Herring Gull consists of 
three eggs i n the vast m a j o r i t y of cases (see section 7). 
Data c o l l e c t e d from 85 nests v i s i t e d every twelve hours 
during the l a y i n g period show t h a t the average i n t e r v a l ' 
between a and b-eggs, cuid between b and c-eggs was 48.85 -
0,kk hours (Table 7). This value was on a .par w i t h t h a t 
given by Drent (1967)1 k8,72 - 0,k8 hours. Nor was there 
any d i f f e r e n c e between the f i r s t and second i n t e r v a l s 
(a-b eggs, and b-c eggs r e s p e c t i v e l y ) . 
Normal i n t e r v a l between repeat layings 
I f a Herring G u l l loses i t s eggs a f t e r incubation 
has s t a r t e d , i t can u s u a l l y produce a s u b s t i t u t e c l u t c h a f t e r 
a f a i r l y w e l l defined i n t e r v a l . I n some b i r d s t h i s i n t e r v a l 
v a r i e s according to the lengt h of time spent incubating the 
f i r s t c l u t c h . The histogram of r e - l a y i n g i n the delayed areas 
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on the I s l e of May ( s e c t i o n 7 , f i g . 2 7 ) shows t h a t although 
eggs were removed i n various stages of incubation, r e - l a y i n g 
occurred generally w i t h i n a f o r t n i g h t , i , e , i r r e s p e c t i v e of 
the i n c u b a t i o n time. This corroborates Paludan's (1951) 
conclusion based on the d e s t r u c t i o n of clutches by a l a t e 
snow storm i n 1944, 
The time taken f o r l 6 0 Herring Gulls to r e - l a y 
was measured from the removal of the f i r s t c l u t c h , to the 
a r r i v a l o f the a-egg of the repeat c l u t c h . The average 
i n t e r v a l was 13.23 - 0,12 days. However, the data were 
analysed to i n v e s t i g a t e which f a c t o r caused the greatest 
v a r i a b i l i t y or delay. F i r s t l y , the amount of time spent 
i n c u b a t i n g before the l o s s of the eggs; secondly, the 
time of the season t h a t r e - l a y i n g took place, i n case 
the a d u l t s found greater d i f f i c u l t y r e - l a y i n g as the 
summer progressed (Table 8), 
The l a c k of v a r i a t i o n i n the r e s u l t s i s more 
i n t e r e s t i n g than the d i s p a r i t y between the means, f o r there 
i s only a two day d i f f e r e n c e between the extremes ( i , e , 
12,62 and l 4 , 7 1 days). Nevertheless, i t appears t h a t the 
time i n the season exerts a s l i g h t l y greater e f f e c t than 
does the incubation f a c t o r , so th a t the female takes somewhat 
longer t o r e - l a y as the season advances. This, of course, 
becomes c r i t i c a l at the stage when no more r e - l a y i n g takes 
place. 
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Table 7 . Showing the mean i n t e r v a l between the layings of 
eggs i n a normsil clutch, and also the i n t e r v a l 
between c and d-eggs when a fourth egg i s l a i d 
Laying i n t e r v a l between 
eggs i n hours 
Standard 
In t e r v a l 2k 36 h8 60 72 Total Mean error 
a-b eggs 1 6 67 10 1 83 48.56 0.69 
b-c eggs 0 3 72 9 1 85 49.13 0.55 
c-d eggs 0 0 2k 10 3 37 53.19 1.26 
Table 8, Number of days between the removal of the f i r s t clutch 
and the laying of the a-egg of the repeat clutch, 
according to the time i n the season, and the state of 
incubation at the time of robbing. Number i n sample 
given i n brackets. Mean i n t e r v a l i n days * one 
standard error 
Time i n the season 
of laying f i r s t 
clutch 
before 25 May 
aft e r 25 May 
State of incubation at removal of eggs 
Directly after 
laying c-egg 15 days incubation 
p-NS 
12.62 - 0.22 (57) 13.04 i 0.14 (77) 
p< 0 . 0 5 p< 0.001 
13.48 i 0.35 (25) 14.71 - 0.36 (21) 
p< 0 . 0 2 
k3 
A b i l i t y of Herring Gulls to re-lay 
I f a Herring Gull re-lays, i t apparently does so vd.thin 
nearly a f o r t n i g h t . This conclusion f a i l s to account for the 
percentage of birds that actually do re-lay. An estimate of t h i s 
value was obtained from records of laying i n the delayed areas, 
though i t was not possible to separate the variation due to the 
incubation i n t e r v a l , and to the seasoned effect as above. These 
two factors are treated together i n Table 9 i r e l a t i n g the 
percentage re-laying to both the progress of the season and to 
the i n t e r v a l between laying and removal of the f i r s t clutch. 
These data concern only those birds that r e r l a i d i n , or nesir, 
t h e i r f i r s t nests and i s therefore a minimal figure. Never-
theless, the disturbance of egg robbing does not often 
encourage the adults to move t e r r i t o r y (section 7 ) . 
Naturally, not a l l birds are capable of re-laying, and 
t h i s i n a b i l i t y increases as the season advances, so that by late 
June no more eggs are found. I t w i l l be shown la t e r that t h i s 
i s more a result of a diminishing behavioural and sexual drive, 
rather than physical exhaustion of the female g u l l . 
Table 9 , Numbers of r e - l a i d clutches i n relation to the 
progress of the season and the time i n t e r v a l between 
laying the f i r s t clutch and i t s removal 
Approximate date 
of removal 
Incubation period before 
removal i n days 
Number robbed 
Niunber re-leiid 
Percentage r e - l a i d 
17 May 27 May 7 June 
6-8 10-14 16-20 22--24 
84 37 67 47 21 
59 18 29 18 7 
70% k9% 45% 38% 53% 
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5 .2 Determinate or indeterminate layin^^ 
Introduction 
Although birds generally lay a f a i r l y d e f i n i t e number 
of eggs i n a clutch, characteristic of th e i r individuail species, 
the mechanism controlling t h i s phenomenon i s thought to function 
i n one of two ways. Some birds w i l l lay a set number of eggs 
irrespective of how many eggs are i n the nest; others w i l l 
continue to lay u n t i l t h e i r nest contains a definite number of 
eggs. 
Those birds that compensate for a loss of eggs during 
laying are called indeterminate layers. For example, the 
Flicker i s known to have l a i d 71 eggs when an egg was taken 
daily from the nest ( P h i l l i p s 1887). I t i s believed that 
an external stimulus, either visual or t a c t i l e , i s necessary 
to stop the production of eggs by the ovary. 
On the other hand, some species w i l l lay a definite 
clutch regardless of the removal or addition of eggs. These 
determinate layers have an i n f l e x i b l e hypophyseal-ovarian 
mechanism, so that the numbers of f o l l i c l e s entering the f i n a l 
stage of growth correspond to the size of the clutch. They 
therefore c£innot add to the clutch i f one or more eggs are 
l o s t during laying. 
Despite these well defined categories of laying, the 
Herring Gull has been claimed by Davis (1942) and Tinbergen (1953) 
to be a determinate layer, whilst extensive experiments by 
Paludan (1951) indicated i t was an indeterminate layer. 
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Davis (1942) performed several egg removal experiments 
and concluded that the birds were not inclined to lay more than 
the usual three eggs. In three cases where a fourth egg was 
present i n the nest they were interpreted as abnormalities -
"the b i r d may have stolen the eggs from nearby nests". The 
research took place over a period of six days and, since the 
Herring Gull requires ^ive days to lay a complete clutch, i t 
i s hardly surprising that no more than three eggs were usually 
found, 
Tinbergen (1953) does not give any details of his egg 
robbing experiments, except to say that " i n general neither the 
taking nor the addition of eggs at whatever stage, and i n whatever 
way or sequence i t i s done, changes i n any way the fixed nximber 
of three i n a clutch". Instead the bi r d would sta r t a new clutch 
a f t e r a period of nearly a fortnight (repeat laying) i f the f i r s t 
clutch was removed. 
Quite contrary to these conclusions, Paludan (1951) 
showed that indeed a fourth egg can be l a i d and, under certain 
circumstances, protracted laying w i l l also occur. Previously, 
Sal^onsen (1959) had induced Herring Gulls to lay a series of 
eggs, i n one case I 6 eggs i n 39 days; whilst more recently 
Hsirris (1964) and Laughlin (pers.comm.) managed to get layings 
of up to eight eggs i n a nest. I t i s important, however, that 
to q u a l i f y as a protracted laying, t h i s continuation of the 
clutch should involve regular intervals between successive 
eggs characteristic of normal laying. 
46 
Although Weidmann (1956) achieved t h i s pattern i n 
experiments with the Black-headed Gull, Paludan's results were 
less convincing. His continuous egg removal experiment 
involved four pairs of Herring Gulls, of which only two l a i d 
eggs at intervals of less than four days. 
I t seemed worthwhile repeating these experiments 
using larger samples to investigate the following : 
i ) whether the production of a fourth egg was 
normal or exceptional 
i i ) whether the pattern of protracted laying was 
regular, or concealed a repetitive quality 
similair t o , though possibly not as long as, 
true repeat laying 
i i i ) whether the pattern of laying, and i n particular 
the onset of incubation, affected the size and 
yolk content of the eggs. 
Experimental investigation of the control of clutch and egg size 
Methods 
A t o t a l of 280 nests were v i s i t e d every 12 hours during 
a period of six weeks. Various egg removal or addition 
experiments were carried out and the lengths and breadths 
of eggs measured. A l l eggs removed were weighed (to .Olg), 
hard boiled, and separated into s h e l l , yolk and albumen, 
which were likewise weighed. Since 24 of the Herring Gulls 
nesting i n the area were colour-ringed i t was possible to 
observe the effects, i f any, of continuous egg removal. 
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Calculation of egg volume and shape 
As eggs were not a l l removed from the f i e l d i t was 
often necessary to use the egg volume rather than the egg 
weight as a proportional measure of the egg size. This 
value was especially useful for comparative studies, between 
eggs and clutches i n the control areas. 
The volume of an egg was calculated from the formula : 
V = k.B.L^ 
which i s derived from the volume of an e l l i p s o i d , when V i s 
the volume, B the breadth, L the length, and k a constant. 
Several values of k have been cite d , each based on 
pa r t i c u l a r specific gravity determinations of the Herring Gull 
egg. Paludan quoted (1951) 0.519, Harris (1964) 0,476 and 
Barth (I967) 0.5084. Throughout t h i s study the figure of 
0.476 has been used. 
To check the correlation between weight and calculated 
volume, a graph of these co-ordinates was plotted (Fig.7 ) , and 
correlation coefficient ( r ) evaluated = +0.9854 p^0 ,001 . 
V = O.8869W - 0,2482 
w = 1.1018V + 2.2878 
when the standard error of the estimate i s given by 
s»,= ^ , v l 
and d = stamdsird deviation. 
Then = 0 .11 and = O.13. 
For the purposes of th i s study, calculations of egg volume based 
on the axial lengths therefore seem quite adequate. For the 
Figure 7 . 
Regression l i n e of calculated egg volume on 
egg weight 
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v a r i a b i l i t y i n egg shape, the shape index was calculated as 
follows (Coulson I963) : 
Shape index =- 3^0° f breadth 
length 
Experiment to produce a fourth egg 
Occasioneaiy g u l l nests were found with four-egg 
clutches, though the frequency was never greater than 
1 i n 500 (0,2%), The colour and laying i n t e r v a l of these 
eggs suggested they were from the same female. Moreover, 
a d-egg was l a i d i n 9 out of I 6 nests when the a-egg 
disappeared i n the control areas. 
To investigate the a b i l i t y of gulls to produce t h i s 
extra egg, the a-egg was removed within 12 hours of being 
l a i d i n 79 nests. Subsequent eggs were l e f t i n the nest 
and, i n 47 cases, the d-egg was l a i d . This experimental 
result closely resembles the natural occurrence i n the control 
areas i59% J 579^  respectively). The mean i n t e r v a l between 
laying of the c-egg and d-egg was 53.19 - 1.26 hours (Table 7 ) , 
which was s i g n i f i c a n t l y longer than the normal laying i n t e r v a l 
( p < 0 , 0 0 2 ) , but was s t i l l a continuation of the same clutch. 
I t was also noticed that, discounting repeat layers, fewer 
birds were capable of laying a d-egg l a t e r i n the season^(Table 10) 
( p < 0 . 0 5 ) . 
On three occasions, both the f i r s t two eggs were removed, 
each as they were l a i d . In a l l three cases, a d-egg was 
followed by an e-egg at the same i n t e r v a l (48, 48, and 72 hours). 
The d-egg i s much less frequently l a i d when the f i r s t two eggs 
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Table 10 , Comparing the a b i l i t y of Herring Gulls to lay a 
d-egg at di f f e r e n t times i n the season 
Total number of ^ ^ ^ ^ a-egg 
eggs l a i d before 19 May after 19 May 
4 (d-egg) 28 19 
3 (no d-egg) 11 21 
% l a i d d-egg 72% 48% 
= 4.84, p<0 . 0 5 
Table 11. The number of eggs l a i d by each pair during the 
continuous removal experiment 
No. of eggs l a i d 
1-3 4 5 6 7 8 9 10 11 12 
Number of nests 13 8 13 20 19 17 6 4 1 1 
are not taken u n t i l a f t e r the b-egg has been l a i d . From 
110 nests studied i n t h i s manner, 89 produced only a c-egg, 
20 a d-egg, aind only one an e-egg. 
These experiments imply that the Herring Gull i s quite 
capable of supplementing the loss of i t s a-egg, by laying a 
further three eggs to build the clutch up to the normal size. 
However, although i t i s a common occurrence, i t i s by no means 
the r u l e , as suggested by Paludan (1951), especially as the 
season advances. 
I f the a-egg remained i n the nest during the laying 
period, then no additional d-eggs appeared, even when both the 
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b and c eggs were removed. Similarly, i n the majority of 
cases, the d-egg was withheld when the eggs were removed 
af t e r the laying of the b-egg, Paludan (1951) states that 
t h i s happens i f the egg removal occurs l a t e r than 24 hours 
a f t e r the appearance of the b-egg. 
In the f i e l d , the a-egg i s usually the most vulnerable. 
Evidence from the control areas shows that within the f i r s t 
week of laying, egg loss frequently involves the a-egg. 
From 800 clutches of three eggs, the disappesurance of the 
. eggs was as follows : 
a-egg 34 
p< 0 , 0 1 
b-egg 15 
p - NS, 
c-egg 8 
Predation i s the normal cause of egg loss at thi s stage, 
before steady incubation has set i n . Also, i f heavy rain follows 
the laying of an a-egg, the adult g u l l w i l l sometimes cover i t s 
own egg with new nest material i n an attempt to make a dry nest. 
This happened six times i n the same area of 800 nests and, on 
each occasion, to the a-egg, which was buried and subsequently 
not incubated. 
In situations such as these, the Herring Gull can raise 
the clutch to the normal size, depending on the time at which 
the a-egg disappears. However, not once was the production of 
an e-egg witnessed i n the f i e l d . 
Continuous egg removal experiments 
Eggs were repeatedly taken from 102 nests, each egg 
as soon as i t was la±d or within 12 hours of laying. Of these. 
51 
only 13 f a i l e d to lay more than the usual three eggs, and none 
of the 24 colour-ringed adults changed t e r r i t o r y throughout 
the experiment. 
I t can be seen from Table 11 that i n 68 cases (66%), 
six or more eggs were l a i d , the equivalent of a second clutch. 
More important i s the pattern of laying and, i n particular, 
whether the intervals between eggs are consistent with repeat 
laying, or with protracted laying. 
In general, the laying patterns f e l l into five 
categories. These were based on the position of the longest 
i n t e r v a l between the laying of consecutive eggs as follows : 
i ) between the c and d eggs, giving the appearance 
of a c /3 followed by subsequent eggs (29 nests) 
i i ) between the d smd e eggs, similcir to the production 
of an i n i t i a l c /4 (39 nests) 
i i i ) between the e and f eggs, so that the longest 
intervsil seemed to separate a c/5 from l a t e r eggs, 
even though t h i s intervail was quite small (11 nests) 
i v ) those nests i n which a c /4 (5 nests), or a c/3 
(5 nests), or even fewer (8 nests) was a l l that 
was l a i d 
v) a miscellaneous group which f i t t e d neither of 
these categories (5 nests). 
When the patterns were grouped i n t h i s manner, the 
mean i n t e r v a l between the laying of the a-egg and each of 
the following eggs was calculated, to give the average 
pattern f o r that category. This could then be compared 
with the normal re-laying situation (Table 1 2 ) , 
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In a l l three major patterns ( i , i i , i i i ) , the longest 
i n t e r v a l between eggs was s i g n i f i c a n t l y shorter than that 
expected by repeat laying (p< 0 , 0 0 1 ) , Nevertheless, the groups 
that i n i t i a l l y l a i d clutches of three ( i ) and four ( i i ) eggs, 
resembled an abbreviated form of re-laying, rather than the 
theoretical expression of protracted laying. Only i n the 
t h i r d group ( i i i ) was a more continuous production of eggs 
witnessed. In these 11 nests each egg followed i t s predecessor 
a f t e r a period similar to that of normal laying and could therefore 
be c l a s s i f i e d as protracted laying. 
I t was int e r e s t i n g to note that, of the 102 pairs 
studied, 57 (39+11+5+2) of them produced at least four eggs 
i n succession. Thus, the laying of the d-egg occurred i n 
the ssune frequency as i n the previous experiment (56%), 
Not only do these results contradict the c l a s s i f i c a t i o n 
of the Herring Gull as a determinate layer, but they also 
i l l u s t r a t e the v a r i a b i l i t y i n possible laying patterns. 
This may be explained by a lack of uniformity i n experimental 
conditions and also by a difference i n the way individual gulls 
react to the same conditions. On th i s assumption, some females 
would be capable of laying larger, and more, eggs than others. 
With t h i s i n mind, the average weights of a, b, and 
c-eggs from the d i f f e r e n t laying categories were compeired 
(Appendix I I ) , The eggs l a i d as an i n i t i a l c /3 (pattern i ) 
were consistently though not s i g n i f i c a n t l y , l i g h t e r than those 
l a i d as a c /4 (pattern i i ) ( p < " 0 . l ) . The same result was 
also true for the mean volumes of eggs i n the previous 
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experiment. Those eggs produced by females which l a i d a d-egg, 
were on average larger than those which only l a i d a c/3. 
Moreover, the eggs of the protracted layers (pattern i i i ) 
were s i g n i f i c a n t l y heavier than those l a i d as a c/3 (p<0,01). 
Although the normal clutch size i n the f i e l d i s 
three eggs, some gulls only lay two. The difference between 
these eggs confirms the above results, for the f i r s t two eggs 
of the normal clutches had a larger calculated volume than 
those of the 2 egg clutches (p<0,01). 
To summarise, the Herring Gulls which, either i n the 
control or i n the experimental conditions, l a i d smaller clutches, 
also tended to lay l i g h t e r eggs. This would indicate that the 
females conforming to pattern ( i ) for example, were physiologically 
incapable of protracted laying and required the i n t e r v a l of 8 days 
before laying a d-egg. 
Table 13. The average number of eggs l a i d i n a nest, 
for each of the laying categories 
No. of Mean no. eggs l a i d 
Patteni nests per nest 
( i ) c/3 followed by 2.86 eggs* 29 5.86 - 0,26 
p< 0,001 
( i i ) c/4 followed by 5.l8 eggs 59 7.l8 i 0.17 
p<i 0.001 
( i i i ) c/5 followed by 4.09 eggs 11 9.09 * 0.43 
difference between ( i ) and ( i i i ) = p ^ 0.05 
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There i s further evidence of a dissimilar fitness 
between the females i n each laying category. Using pattern ( i ) 
as an example again, they not only l a i d l i g h t e r eggs, but the 
t o t a l number of eggs each g u l l produced was also s i g n i f i c a n t l y 
less than i n the other categories (Table 13, p<^ 0,001), Even 
when the i n i t i a l clutch i s disregarded ( i , e , 5 eggs i n pattern ( i i i ) , 
and 3 eggs i n pattern ( i ) ) , those that least resembled repeat 
laying l a i d more eggs (p<0,05 - pattern i i i :. pattern i ) . 
Experiments to reduce the clutch size 
These results have shown that the Herring Gull w i l l , 
under certain conditions, lay more than three eggs. To complete 
an investigation of the control of laying i t was desirable to 
f i n d out whether the reverse situation could be induced. Eggs 
were added to nests before sind during laying, not merely to see 
i f the clutch size could be reduced, but more especially to 
record whether such experiments affected the size of the c-egg. 
This was p a r t i c u l a r l y importemt i n l i e u of the weight difference 
between the f i r s t two eggs and the c-egg, and the mortsility 
difference between the chicks hatching from these eggs (see 
section 6), 
An extra egg was placed i n 54 nests as soon as the 
a-egg was Isiid. This had no effect on the t o t a l number of 
eggs led-d by the female, for i n 48 nests the ususil c /3 was 
l a i d , whilst i n the remainder only one further egg was recorded 
( c / 2 ) . The average clutch size was therefore 2 ,89, which was 
the same as that i n the control areas; nor did the addition 
of more than one foreign egg make any difference (87 nests). 
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When eggs were added to 22 ne s t s before the beginning 
of l a y i n g , the c l u t c h s i z e was reduced, and i n at l e a s t three 
c a s e s completely suppressed. I n the l a t t e r , these a d d i t i o n a l 
eggs were incubated f o r s e v e r a l weeks though they were event-
u a l l y found to be addled. On s i x occasions the eggs were 
r e j e c t e d by the a d u l t s , which l e f t 16 n e s t s with a mean c l u t c h 
s i z e of 1,81 eggs l a i d per n e s t . T h i s was s i g n i f i c a n t l y smaller 
them the expected c l u t c h s i z e (p <0,001), 
Paludan ( I 9 5 I ) , who records a s i m i l a r r e s u l t , s t a t e s 
t h a t the introduced eggs are accepted about 9 days before 
l a y i n g the a-egg, which corresponds to the time when the 
f o l l i c l e s s t a r t t h e i r f i n a l growth phase. P r i o r to t h i s time 
the f o r e i g n eggs are eaten or removed from the n e s t . 
Since the developing f o l l i c l e s csin be suppressed 
by the brooding of foreign eggs, then the same p h y s i o l o g i c a l 
response may contribute to the v a r i a t i o n i n egg s i z e s w ithin 
a c l u t c h . To i n v e s t i g a t e t h i s , measurements of eggs and of 
the onset of incubation were analysed, 
5.3 The c o n t r o l of l a y i n g 
F o l l i c l e development 
During these experiments, observations e i t h e r record 
the presence or absence of eggs and, eilthough much can be 
i n f e r r e d from the r e s u l t s , an understanding of the ultimate 
mechanisms involved r e q u i r e s a knowledge of the i n t e r n a l s t a t e 
of the adul t female g u l l , Paludan (1951) examined the o v a r i e s 
of Herring G u l l s during the l a y i n g period and s i m i l a r d i s s e c t i o n s 
were performed by Weidmann (1956) on the Black-headed G u l l , 
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Paludan showed that the f i r s t o vulation occurs about 
two days before the l a y i n g of the a-egg. At t h i s time four 
f o l l i c l e s have entered the f i n a l stage of growth and, a f t e r 
the a-egg has been l a i d , the fourth f o l l i c l e s t a r t s to degenerate. 
I t i s therefore b e l i e v e d that contact between the a-egg and the 
brood patches causes t h i s degeneration, but only i n the fourth 
f o l l i c l e . The development of the b and c - f o l l i c l e s has reached 
such a stage that they are ovulated r e g a r d l e s s of an i n c r e a s i n g 
d r i v e to incubate the a-egg. Without t h i s contact, the hypo-
physeal-ovarian feedback allows f u r t h e r growth of the fourth 
f o l l i c l e , which undergoes ovulation to give r i s e to a d-egg. 
However, i t has been shown that the d-egg i s not 
always l a i d under these circumstances. This would suggest 
that e i t h e r broodiness i n some a d u l t s s t a r t s before the a-egg 
i s l a i d , or that the d - f o l l i c l e does not always reach the f i n a l 
growth phase. The l a t t e r seems more f e a s i b l e , for i f broodiness 
encouraged degeneration before the l a y i n g of the a-egg, then i t 
would a l s o be expected to a f f e c t the c - f o l l i c l e , r e s u l t i n g i n 
a more common occurrence of c/2s. 
I d e a l l y , constant removal of eggs would p r e c i p i t a t e 
a steady production of f o l l i c l e s , regimentally arranged to 
f a c i l i t a t e p r o t r a c t e d l a y i n g s at regular i n t e r v a l s . This 
r a r e l y occurs, e i t h e r because the Herring G u l l as a s p e c i e s 
i s not adapted f o r continual egg production, or because such 
l a y i n g p l a c e s too many demands on the p h y s i c a l a b i l i t i e s of 
the female. Since some i n d i v i d u a l s were capable of protracted 
l a y i n g , i t was not a genetic i m p o s s i b i l i t y . Instead, i t would 
seem that the repeated l a y i n g of about 85g of egg m a t e r i a l can 
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only be achieved by a minority of the population. The remainder 
r e q u i r e an i n t e r v a l i n which to b u i l d up m a t e r i a l , i f eggs of a 
reasonably constant s i z e are to be l a i d , 
Broodiness and incubation during the l a y i n g period 
The previous experiments i n d i c a t e d that f o l l i c l e s 
can be encouraged to degenerate; normsilly t h i s i n v o l v e s the 
d - f o l l i c l e , though addition of eggs a t a c r u c i a l stage p r i o r 
to l a y i n g w i l l a f f e c t some or a l l of the developing eggs, 
Broodiness i s regarded as the cause, v;hich consequently 
r e s u l t s i n a f a i l u r e of an egg to be l a i d . However, i t i s 
p o s s i b l e that a reduction i n egg s i z e i s the more subtle 
e f f e c t , v/hilst the ultimate response i s the non-appearance 
of the egg, H a r r i s (196^) s t a t e d that " e f f e c t i v e incubation 
probably does not s t a r t i m t i l the l a y i n g of the t h i r d egg". 
Contrary to t h i s , Paludan (1951) had suggested that the 
i n c u b a t i n g process a t the beginning of l a y i n g was probably 
r e s p o n s i b l e f o r the smaller s i z e of the c-egg. I t therefore 
seemed worthi^hile examining the e f f e c t i v e n e s s of incubation 
during the l a y i n g period, s i n c e the p h y s i c a l i n t e n s i t y of 
broodiness should be r e l a t e d to the hormonal responses that 
occur with the onset of incubation. 
The i n t e r v a d between the l a y i n g emd the hatching 
of eggs i s given i n Table Ik, 
Since the eggs are l a i d a t i n t e r v a l s of two days, 
then on average the bwegg hatches Just a f t e r the a-egg, 
followed one day l a t e r by the hatching of the c-egg. 
S i m i l a r incubation times were recorded by Paludan (1951) 
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Table 1^, The mean i n t e r v a l s i n days between the l a y i n g and 
hatching of eggs * one standard e r r o r 
L a y i n g 
sequence 
a-egg 
b-egg 
c-egg 
No, n e s t s 
31 
28 
27 
No,days betw^een l a y i n g No,days between 
and hatching l a y i n g a-egg and 
hatching 
29.96 i 0.29 
28,30 i 0.21 
27.00 i 0.26 
29.96 
30.30 
31.00 
and Drent (1967) who concluded that incubation during the l a y i n g 
p e r i o d was r a t h e r ineffectueuL. I n terms of the developing 
embryo t h i s may be c o r r e c t , but these i n t e r v a l s do show that 
i n c u b a t i o n does take plage before the c-egg i s l a i d , otherwise 
a l l the eggsE would hatch on the same day. Therefore, i n terms 
of the hormonal mechanisms involved, t h i s e a r l y broodiness 
h e r a l d s an important behavioural change i n the adult g u l l , 
Paludan (1951) examined embryonic development at 
stages varying from three days a f t e r the termination of l a y i n g 
u n t i l the f i r s t young were hatched. The embryo weights 
showed that some development took place i n the a-eggs before 
the b-eggs were l a i d . 
I t seemed necessary to obtain a more p r e c i s e 
measurement of the very e a r l y growth of the embryoes. 
T h i s had p r e v i o u s l y been l a c k i n g , as the young embryoes 
were too small to weigh. Within the f i r s t two days of 
in c u b a t i o n the p r i m o r d i a l heart of a chic k becomes connected 
to a network of blood v e s s e l s e s t a b l i s h e d i n the area vasculosa. 
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T h i s appears as a d i s c of r a d i a t i n g c a p i l l a r i e s , s i t u a t e d on 
the y o l k s u r f a c e , and terminated by a d i s t i n c t boundary (the 
s i n u s t e r m i n a l i s ) . The v a s c u l a r system i n c r e a s e s i n s i z e , 
so t h a t by the f i f t h day of incubation i t completely covers 
the y o l k . I t could therefore be recorded as ein a l t e r n a t i v e 
measure of i n c u b a t i o n . 
Eggs of 172 c l u t c h e s were marked during the l a y i n g 
p e r i o d , and c l u t c h e s removed at various 12 hour i n t e r v a l s 
measured from the time that the c-egg was l a i d . Each egg 
was c a r e f u l l y broken i n t o a p e t r i - d i s h and the average diameter 
of the area v a s c u l o s a recorded (see P l a t e 5 ) , 
The r e s u l t s , expressed i n Fig.8, c l e a r l y demonstrate 
that incubation i s e f f e c t i v e even before the b-egg i s l a i d . 
The a-egg embryo was at a l l times s i g n i f i c a n t l y more advanced 
than t h a t of the b-egg (p<0,001), on average by a l a y i n g 
i n t e r v a l of 12 hours. Likewise the development of the c-egg 
lagged behind the b-egg by about 32 hours. This i s somewhat 
longer than the hatching i n t e r v a l between these eggs, which i s 
p o s s i b l y due to the smaller c-egg having a shorter o v e r a l l 
i n c u b a t i o n period (see s e c t i o n 6 ) , 
The e f f e c t s of broodiness on egg s i z e 
These i n v e s t i g a t i o n s have been aimed at not merely 
understanding the c o n t r o l of egg l a y i n g i n the Herring G u l l , 
but a l s o accounting f o r the s i z e d i f f e r e n c e s between eggs. 
Although s i m i l a r i n s i z e , the a-egg i s g e n e r a l l y 
l a r g e r than the b-egg (p< 0,001) e s p e c i a l l y l a t e r i n the season 
(see s e c t i o n 6 ) , Measurements from ^55 c l u t c h e s showed t h i s 
to be the case i n 299 n e s t s ( 6 6 ^ ) , w h i l s t i n I56 n e s t s the b-egg 
Figure 8 
The onset of incubation according to the l a y i n g sequence. 
Mean diameter of the area vasculosa (^ 2 standard e r r o r s ) 
at v a r i o u s times a f t e r l a y i n g of the c-egg. 
Pl a t e 5a and b 
Photographs of the area vasculosae of c l u t c h e s tsiken 
( a ) ^8 - 60 hours a f t e r l a y i n g of c-egg (above) 
(b) 96 - 108 hours a f t e r l a y i n g of c-egg (below) 
(Diameter of area vasculosa given beneath each egg), 
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was l a r g e r . The volume d i f f e r e n c e i s r a r e l y more than 
2 per cent, whereas the c-egg i s c o n s i s t e n t l y smaller than 
the a-egg by a f a c t o r of over 9 per cent, (Table 15)'. This 
pronounced d i s p a r i t y between the s i z e s of the c-eggs and of 
the a or b eggs has been observed i n other Laridae (Table l 6 ) . 
Table 16, The d i f f e r e n c e between a and c-egg volumes for 
various s p e c i e s 
S p e c i e s 
H e r r i n g G u l l 
H e r r i n g G u l l 
H e r r i n g G u l l 
L e s s e r Black-
backed G u l l 
L e s s e r B l a c k -
backed G u l l 
Greater Black-
backed G u l l 
Laughing G u l l 
K i t t i w a k e 
Common Tern 
Common Tern 
No, Percentage d i f f e r e n c e 
c l u t c h e s between a and c-eggs Authority 
57 
310 
^55 
62 
59 
218 
15 
33 
22 
29 
9.7?^  
8,1% 
11M 
9A% 
5.7% 
3M 
7.0^ 
7.3% 
5.8%; 
6,1% 
Paludan (1951) 
Barth (1967) 
This study 
Paludan (1951) 
H a r r i s (196^) 
Barth (1967) 
Preston & 
Preston (1953) 
Coulson (1963) 
Gemperle & 
Preston (1955) 
Dunn (pers.comm.) 
T h i s i s not always the case, f o r i n the Shag (Coulson et a l 1969) 
the a-eggs are the smeuLlest, but the c-egg i s s t i l l smsuLler than 
the b-egg. Furthermore, i n the House Wren, the f i n a l egg l a i d 
i s u s u a l l y the l a r g e s t (Kendeigh e t a l 1956)'. 
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I n the p a s t , small l a s t l a i d eggs have been a t t r i b u t e d 
to a d e f i c i e n c y of m a t e r i a l , e s p e c i a l l y i n re s e a r c h on the 
domestic fowl (Romanoff & Romanoff 19^9). However, Paludan (1951) 
pointed out that the eggs of a Herring G u l l that produced 
p r o t r a c t e d l a y i n g s did not show the decrease i n volume 
a n t i c i p a t e d by the s i t u a t i o n i n the c-egg. 
I n the experiments that l e d to the production of a 
d-egg, the g u l l s were not given the opportunity of incubating 
the a-egg, f o r t h i s egg was always removed j u s t a f t e r l a y i n g . 
Under these circiunstances, the c-egg was only 5.2 per cent 
s m a l l e r than the a-egg. I t was a l s o s i g n i f i c a n t l y l a r g e r 
than the normal expected s i z e of the c-egg ( p ^ 0 , 0 0 1 ) , and 
not s i g n i f i c a n t l y d i f f e r e n t from the b-egg. Furthermore, 
the d-egg which was subsequently l a i d was 13.0 per cent smaller 
than the a-egg, and no d i f f e r e n t from the s i z e of the normal 
c-egg ( t = l,62)r 
AgsdLn,L-=xi-T;Be continuous egg removal experiment, a 
s i m i l a r pattern was n o t i c e d . I n t h i s case, no eggs that 
would encourage broodiness remained i n the nes t , and as would 
be expected the d-egg was not s i g n i f i c a n t l y smaller than e i t h e r 
the b or c eggs. Moreover the group that l a i d without 
i n t e r r u p t i o n ( p r o t r a c t e d ) showed the l e a s t d i f f e r e n c e between 
a and c eggs : 
Percentage d i f f e r e n c e 
a : c eggs 
Normal l a y i n g 10.^0% 
Experimental l a y i n g 
p a t t e r n ( i ) c/3 5.3^% 
p a t t e r n ( i i ) c/4 ^.96% 
p a t t e r n ( i i i ) c/5 protracted 2,03% 
6k 
The a d d i t i o n of an e x t r a egg a f t e r the l a y i n g of the 
a-egg did not r e s u l t i n a f u r t h e r reduction i n the s i z e of the 
c-egg, which was as u s u a l 9.6 per cent smaller than the a-egg 
(Table 15), 
These comparisons l e a d to the conclusion that the 
onset of incubation i s responsible for the r e l a t i v e l y smaller 
s i z e of the c-egg. When the a-egg i s not present to stimulate 
broodiness, the c-egg i s no longer s i g n i f i c a n t l y smaller than 
the f i r s t two eggs. Instead, the ensuing d-egg shows t h i s 
volume d i f f e r e n c e . I n three n e s t s , when both the a and b 
eggs were removed, three f u r t h e r eggs were l a i d . I n t h i s 
c a s e , the e-egg was 12,6 per cent smaller than the c-egg, 
w h i l s t the d-egg was the s i z e of the normal b-egg. F i n a l l y , 
when 8LL1 eggs were removed, the protracted l a y e r s showed no 
s i g n i f i c e i n t volume change between consecutively leiid eggs. 
The eggs, however, became p r o g r e s s i v e l y smaller, though the 
n i n t h egg was only 7*^ per cent smaller than the f i r s t egg 
(Appendix I I I ) , 
E f f e c t s of broodinesa on the proportions of yolk 
and albumen 
V a r i a b i l i t y i n the s i z e of eggs does not n e c e s s a r i l y 
r e f l e c t a proportionate d i f f e r e n c e i n the r e l a t i v e weights of 
yolk, albumen, and s h e l l , H a r r i s (196^) s t a t e d that "yolks 
represented the same proportion of the egg weight as i n a, 
b or c eggs", and suggested that the smaller c-egg was merely 
a s c a l e d down a or b egg. S i m i l a r l y , Paludan (1951) argued 
that the depressive a c t i o n of incubation on the c - f o l l i c l e 
was based on the supposition t h a t smeJ.1 eggs correspond to 
s m a l l y o l k s . 
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I t w i l l be shown l a t e r that although there i s a 
general c o r r e l a t i o n between egg s i z e eind yolk weight, the 
c-egg i s not a s c a l e d down a-egg. Instead, i t has 
p r o p o r t i o n a t e l y more yolk and l e s s sdbumen than e i t h e r 
the a or b eggs (see s e c t i o n 6), For i n s t a n c e , a 90 gram 
a-egg contains approximately 22,Ig of yolk, whereas the 
y o l k of a similsur s i z e d c-egg would weigh about 23,5g, 
However, because the c-egg i s smaller, i t s mean yolk weight 
i s u s u a l l y , but not s i g n i f i c a n t l y , l e s s than that of the 
a-egg, the major weight d i f f e r e n c e being i n the albiimen. 
I f broodiness a f f e c t e d the c - f o l l i c l e , the 
r e s u l t i n g yolk would be expected to be smaller than the 
a-yolk. Conversely, when broodiness i s i n h i b i t e d , the 
c-yolk should show an i n c r e a s e i n weight corresponding 
to the en suing, i n c r e a s e i n the s i z e of the c-egg, V/hen 
the normal egg and yolk weights are compared with those 
obtained from the p r o t r a c t e d l a y i n g experiments, these 
expected d i f f e r e n c e s are not apparent (Table 1 7 ) . 
The y o l k weights remain f a i r l y constant, w h i l s t i t i s a 
s i g n i f i c a n t i n c r e a s e i n the albumen ( p l u s s h e l l ) weight 
t h a t accounts f o r the heavier c-egg produced under these 
c o n d i t i o n s (p<0,0l). This i s i l l u s t r a t e d by comparing 
the r a t i o of yolk and albumen expressed as a percentage. 
For the a-egg, t h i s value was the same i n both groups. 
However, the r e s u l t of the c-egg proportions was 36.14 
per cent i n the c o n t r o l eggs, and 3h,kk per cent for the 
l a r g e r p r o t r a c t e d l a y i n g s (p<0,02). 
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This suggests that the depressive e f f e c t of 
incu b a t i o n during the l a y i n g period i s r e s t r i c t e d to the 
albumen of the c-egg, although i t obviously causes complete 
degeneration of the d - f o l l i c l e ( y o l k ) under normal conditions, 
Paludan (1951) exeunined an ovsiry j u s t before the 
f i r s t o vulation, and measured the diameters of the four 
l a r g e s t f o l l i c l e s . Using these f i g u r e s , an approximate 
r e c o n s t r u c t i o n of the events p r i o r to the l a y i n g of the 
c-egg cem be attempted ( F i g . 9 ) . 
Ovulation i n most b i r d s occurs j u s t a f t e r the 
l a y i n g of the previous egg, and so succ e s s i v e ovulations 
take p l a c e a t an i n t e r v a l of the same magnitude as that 
between l a i d eggs ( S t u r k i e 195^). The ovum (yolk) of the 
c-egg i s therefore r e l e a s e d i n t o the body c a v i t y two days 
before the a c t u a l egg i s l a i d , and two days a f t e r the l a y i n g 
of the a-egg. At the time that the a-egg i s l a i d the 
c - f o l l i c l e has almost a t t a i n e d maximum s i z e , and so u n l e s s 
broodiness e l i c i t s an immediate and depressive response, 
i t w i l l have no e f f e c t on the ultimate s i z e of t h i s f o l l i c l e . 
I t i s during the two days a f t e r ovulation that 
f e r t i l i s a t i o n , and then the s e c r e t i o n s of albumen, s h e l l 
membranes, and s h e l l teike place i n the oviduct (Sykes 1959). 
Without chemical a n a l y s i s of the albumen, i t i s impossible 
to conclude whether p r o t e i n deposition or water uptake or 
both contribute most to the d i f f e r e n c e s between the albumen 
weights of these c-eggs. Nor i s i t easy to understand how 
the onset of incubation can cause these d i f f e r e n c e s . I t i s , 
Figure 9. 
Estimated change i n the diameter of the c - f o l l i c l e p r i o r 
to l a y i n g of the c-egg, i l l u s t r a t i n g the timing of events 
during the l a y i n g sequence (based on measurements of 
f o l l i c l e s i z e from Paludan 1951) 
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however, known that i n the domestic fowl the oviduct i s 
more s e n s i t i v e than the ovary to f a c t o r s adversely a f f e c t i n g 
egg formation (Romanoff & Romanoff 19^9), Also, i t i s the 
r a p i d l y growing f o l l i c l e s that maintain the oviduct i n a 
h i g h l y f u n c t i o n a l s t a t e , by the s e c r e t i o n of oestrogen, 
Broodiness i s e f f e c t e d by the s e c r e t i o n of an a n t e r i o r 
p i t u i t a r y hormone, p r o l a c t i n , which also decreases the 
production of gonad-stimulating hormones. Without the l a t t e r , 
the d - f o l l i c l e sind others degenerate aind the ovarian s e c r e t i o n 
of oestrogen i s depressed. T h i s chain of events might account 
f o r the s l i g h t l y l e s s productive oviducsil m a t e r i a l s l a i d down 
f o r the c-egg i n the c o n t r o l conditions. Nevertheless, the 
more important conclusion i s that the c-yolk i s r e l a t i v e l y 
constant i n s i z e i r r e s p e c t i v e of the experimental or n a t u r a l 
c o n d i t i o n s , 
A general uniformity i n egg and yolk s i z e i s a 
c h a r a c t e r i s t i c of these l a y i n g p a t t e r n s . For example, 
y o l k of the j-eggs (10th) l a i d during protracted l a y i n g 
was only 2 grams l i g h t e r than that of the a-egg, and the 
t o t a l egg weights decreased by a s i m i l a r proportion of 
9 per cent (Appendix I I I ) , Furthermore, the l a s t egg l a i d 
i n any c y c l e appeared to have the same weight and yOlk 
content r e g a r d l e s s of the t o t a l number of eggs i n the c y c l e . 
Those a d u l t s th a t l a i d only f i v e eggs produced an e-egg no 
l a r g e r than the IGth egg of a more p r o l i f i c l a y e r (Table l 8 ) . 
T h i s i m p l i e s that a f o l l i c l e must a t t a i n a c e r t a i n 
s i z e before i t w i l l undergo ovulation. Instead of l a y i n g 
p r o g r e s s i v e l y s m a l l e r eggs, t h i s minimrtm s i z e l i m i t s the 
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Table l 8 . The mean egg weights of the l a s t egg l a i d i n a 
s e r i e s compared with the f i r s t egg of the same s e r i e s 
Number of 
eggs l a i d 
5 
6 
7 
8 
9 
10 & 11 
N 
13 
19 
18 
19 
5 
7 
Wt^ l a s t , egg 
g - 1 s t . e r r o r 
79.64 
82.67 
83.01 
80.62 
78.41 
81.76 
1.36 
1.06 
1.60 
1.43 
2.50 
1.29 
Wt. a-egg 
g - 1 S t . e r r o r 
83.59 1.50 
87.83 0.98 
89.96 
90.52 
1.02 
1.15 
86.32 2.47 
90.96 2.33 
Table 19. The mean and standard e r r o r of the volmnes of 
two and three egg c l u t c h e s ( c c . ) 
C/2 
C/3 
N a-egg 
30 75.56 i 1.34 
p-NS 
50 78.80 i 1.02 
b-egg 
71.34 i 1.17 
p< 0.001 
78.14 i 0.96 
c-egg 
70.58 - 1.04 
number of eggs a p a r t i c u l a r i n d i v i d u a l can l a y . An 
equ i v a l e n t s i t u a t i o n occurs n a t u r a l l y i n the f i e l d . Some 
c l u t c h e s are of only two eggs i n s t e a d of the usual three. 
I n t h i s case, the volumes of the b-eggs are no d i f f e r e n t 
from the volumes of the normal c-eggs (Table 19). A 
corresponding r e l a t i o n s h i p was shown i n the Kittiwake 
(Coulson 1963), which more frequently l a y s two egg c l u t c h e s 
70 
(75 per c e n t ) . I n t h i s s p e c i e s , the volumes and shape 
i n d i c e s of s i n g l e egg c l u t c h e s , and of the l a s t eggs l a i d i n 
c l u t c h e s of two and three, a l l c l o s e l y resembled one another. 
These f i g u r e s i n d i c a t e that the e x t r a eggs required 
to i n c r e a s e the c l u t c h s i z e to three would be below the 
minimum s i z e l i m i t f o r an egg, sind are therefore not l a i d . 
I t would, of course, be i n t e r e s t i n g to know whether b i r d s 
t h a t l£iy one and two egg c l u t c h e s have s e v e r a l other 
developing f o l l i c l e s as i s c h a r a c t e r i s t i c of normal females. 
Initi£d.ly, these i n v e s t i g a t i o n s were aimed at 
determining and accounting f o r the s i z e d i f f e r e n c e seen 
i n the c-egg, and a p p r e c i a t i n g i t s p o s s i b l e e f f e c t on the 
m o r t a l i t y of the t h i r d c h i c k . However, although the a and 
b eggs are s i m i l a r i n weight, i t became apparent that there 
was a l s o a marked d i f f e r e n c e between these eggs ( s e c t i o n 6 ) . 
The b-yolk was s i g n i f i c a n t l y heavier than the a-yolk 
(p<0,001) by a d i f f e r e n c e of n e a r l y 1 gram (4%)„(Fig.l5, 
Table 29), I n the domestic fowl the amount of yolk 
i n c r e a s e s through the f i r s t year, but the increments i n 
y o l k s i z e g r a d u a l l y become smaller (Romanoff 8e Romanoff 1949). 
The cause of t h i s yolk d i f f e r e n c e i s p o s s i b l y an 
i n c r e a s e i n p h y s i o l o g i c a l e f f i c i e n c y as development progresses 
from the f i r s t f o l l i c l e to the second. On t h i s assumption, 
the y o l k s of p r o t r a c t e d l a y e r s would be expected at l e a s t to 
remain the same s i z e as the b-yolk. Instead, they decrease 
i n weight. 
However, i r r e l a t i v e of the v a r i a b i l i t y i n the yolk 
content, the t o t a l egg weight remains the same. For i n s t a n c e . 
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when the b-yolk was l . l 6 g heavier than the a-yolk, i t s 
albumen and s h e l l weight was 1.^6g l i g h t e r ( K = l l ) , The 
same occurred between the b and c eggs i n the protracted 
l a y e r s , ad though subsequent eggs became smsiller. 
The ovulated egg spends a major part of i t s time 
i n the uter u s (75%)» where i t r e c e i v e s the s h e l l , and where 
water and s a l t s are added to the albumen ( S t u r k i e 195^). 
I t would therefore seem that the oviducal s e c r e t i o n s of 
albmnen and s h e l l tend to br i n g the egg up to a f s i i r l y 
constant s i z e , c h a r a c t e r i s t i c of the i n d i v i d u a l female, 
or more c o r r e c t l y of the i n d i v i d u a l u t e r u s . 
n e s t s o 
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SECTION SIX 
THE EGG 
The account of the c o n t r o l of l a y i n g has i n p l a c e s 
employed the r e s u l t s of a general i n v e s t i g a t i o n of the 
H e r r i n g G u l l egg. Notwithstanding t h i s a n t i c i p a t i o n , , the 
f o l l o w i n g s e c t i o n d e s c r i b e s the v a r i a b i l i t y i n egg s i z e and 
content w i t h i n a c l u t c h and through the season, both i n an 
attempt to determine the e f f e c t s of r e - l a y i n g on egg q u a l i t y , 
suid of egg s i z e on the subsequent future of the chick, 
6,1 V a r i a t i o n i n egg s i z e 
V a r i a t i o n w i t h i n the c l u t c h 
I n the 1968 c o n t r o l area, a t o t a l of 4^5 c l u t c h e s 
of three eggs were measured through the season and, as f a r as 
could be detected, none of these were r e - l a i d c l u t c h e s . The 
mean egg dimensions are shown i n Table 20 for a, b, and c-eggs. 
The length, breadth, and volume of the b-egg were s i g n i f i c a n t l y 
s m a l l e r than those of the a-egg ( p < 0,001), and likevfiffie the 
c-egg was s i g n i f i c a n t l y smaller than the b-egg. However, 
the volume d i f f e r e n c e was only l,8cc between a and b eggs, 
compared with 8.6cc between b and c-eggs. Conversely, the 
shape index i n c r e a s e d from a to c-eggs (p(0,001), This was 
somewhat expected, s i n c e there i s a general i n v e r s e 
r e l a t i o n s h i p between the shape index and the volume : 
2 
Volume = L,b ,K, 
Shape index = ^ 
= b^,K 
V 
1 = length, b = breadth, V = volume, K= constant 
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Table 20 , Mean egg dimensions of 455 c l u t c h e s l a i d on 
North Ness ( c o n t r o l ) i n I968 ^ one standard e r r o r 
(N.B, does not include repeat c l u t c h e s ) 
a-£ 
b-egg 
c-egg 
length 
mm 
breadth 
mm 
volume 
cc 
shape 
index 
69.38^0,14 48,54io,07 77 .92-0 ,29 70,o6lo , l6 
68,48io .l3 48.28io.07 76,12^0.29 70.59^0.13 
66.21^0.13 46.85-0.07 69.32^0,30 70,84^0,14 
The r e l a t i o n s h i p i s complicated since the volume a l s o 
i n c o r p o r a t e s the length and breadth of the egg. However, 
the breadth i s a much more s t a b l e parameter than the length 
w i t h c o e f f i c i e n t s of v a r i a t i o n (01) 3 .1 and 4 .2 r e s p e c t i v e l y 
(CV = standard d e v i a t i o n x 100/mean), 
So the shape index of small a-eggs ( 6 7 , 5 c c . M=40) 
i s 7 0 , 2 7 , w h i l s t l a r g e r a-eggs (88.3cc.N=57) have an index 
of only 6 9 . 5 4 , Barth ( I 9 6 7 ) pointed to a s i m i l a r c o r r e l a t i o n 
between s p e c i e s , with the shape index i n c r e a s i n g gradually i n 
s p e c i e s that l a y smailler eggs (Table 21)', 
Table 21 , Mean volumes and shape i n d i c e s of eggs of various 
s p e c i e s of Laridae 
Species Volume c c . Shape index 
Greater Black-backed §ull 113.4 68 .3 Barth (1967) 
H e r r i n g G u l l 94.1 68.9 Barth ( I967 ) 
L e s s e r Black-backed G u l l 74.9 70 .3 Barth ( I967 ) 
Common G u l l 51 .9 71.9 Barth ( I967 ) 
K i t t i w a k e 43.2 73 .3 Coulson (1963) 
Common Tern 17.1 74.1 Dunn (pers.comm. 
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Although the eggs of the Herring G u l l , L e s s e r Black-
backed G u l l , and Greater Black-backed G u l l conform to t h i s 
p a t t e r n of i n c r e a s i n g shape index with decreasing volume, 
the Kittiwake (Coulson 1963) and the Common G u l l (Barth 1967) 
c-eggs have both the sm a l l e s t shape index and the sm a l l e s t 
volume, 
I n the previous s e c t i o n , i t was concluded that 
o v i d u c a l s e c r e t i o n s tend to bri n g eggs up to a s i z e 
c h a r a c t e r i s t i c of the i n d i v i d u a l female g u l l . I t would 
follow that g u l l s l a y i n g l a r g e a-eggs should a l s o l a y l a r g e 
b and c eggs, and conversely g u l l s l a y i n g small a-eggs 
should l a y s m a l l b and c eggs. This i s g e n e r a l l y c o r r e c t , 
f o r when volumes of 455 a-eggs were c o r r e l a t e d against those 
of b and c eggs, the r e s u l t i n g c o r r e l a t i o n c o e f f i c i e n t s 
(+0,764 and +0,651 r e s p e c t i v e l y ) were highly s i g n i f i c a n t 
(p <0,001), 
The d i f f e r e n c e between egg voliunes of clut c h e s 
of three and c l u t c h e s of two eggs has already been mentioned 
( s e c t i o n 5 ) . 
Seasonal, v a r i a t i o n 
Egg s i z e has been shown i n the Kittiwake 
(Coulson 1963)f the Shag (Coulson et a l I969), and the 
Gannet (Nelson 1966) to decrease as the breeding season 
progresses. I n add i t i o n i t i s known i n these species 
t h a t older females tend to breed e a r l i e r and al s o l a y 
l a r g e r eggs than younger b i r d s . However, Coulson e t a l 
(1969) have r e c e n t l y separated both the age and the 
seasonal e f f e c t s , aind have concluded that females of the 
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same age l a y l a r g e r eggs e a r l i e r i n the season, w h i l s t 
a t the same time i n the season young females l a y smailler 
eggs than older b i r d s . I n other words, both these e f f e c t s 
c o n t r i b u t e towards the 10-11 per cent change i n mean egg 
volume recorded through the season for the Kittiwake and 
the Shag. 
Although Barth (1967) divided h i s Herring G u l l 
measurements i n t o e a r l y and l a t e l a i d eggs and showed a 
corresponding decrease i n volume, h i s l a t e c l u t c h e s were 
mainly r e - l a y i n g s . H a r r i s (1969) measured 100 clutches 
but found no change i n egg or c l u t c h volume through the 
season. The I s l e of May data, discounting r e - l a i d c l u t c h e s , 
were therefore smalysed for volume change through the season 
(Appendix I V ) . 
There i s a progressive decrease i n the mean 
volumes of a, b, and c-eggs through the season ( F i g . 1 0 ) , 
and when the measurements are divided i n t o f i v e time 
groups, the decrease becomes s i g n i f i c a n t between l a y i n g s 
separated by more than 15 days. Between the extremes 
of l a y i n g dates, the d i f f e r e n c e i s highly s i g n i f i c a n t (p<0.001) 
except i n the a-egg. I n f a c t egg volume decreases l e a s t i n 
the a-egg sind most i n the c-egg. From the c a l c u l a t e d 
r e g r e s s i o n l i n e s of egg volume agsiinst l a y i n g date, the 
average decrease i n egg volume from 3 May to 31 May was 
as follows : 
Figure 10, 
V a r i a t i o n i n the mean volume of a, b and c-eggs (- 2 standard 
e r r o r s ) through the season for c/3 only, excluding repeat 
l a y i n g s - North Ness c o n t r o l area I968 
Figure 11. 
Regression l i n e s of c-egg volume on a-egg volume for c l u t c h e s 
l a i d e a r l y (up to 9 May), middle (9 - 17 May), and l a t e 
( a f t e r 17 May) i n the season on the North Ness control area 
1968 
EGG 
VOLUME 
cc. 
a-egg 
c-egg 
3 11 19 27 
DATE OF LAYING - MAY 
C-EGG 
VOLUME 
cc. 
middle 
64 72 80 88 96 
A-EGG VOLUME cc. 
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Seasonal decrease i n egg volume c a l c u l a t e d 
from Fig.10 
decrease i n volxime Percentage decrease 
cc 
a-egg 2.5 3.29^  
b-egg 4.2 5.4?^  
c-egg 4.8 6.6% 
This,means that the d i f f e r e n c e already noted between the 
a and c-eggs i s exaggerated through the season i n normal 
l a y i n g and i s as much as 14.5 per cent at the end of May, 
compared with 10 per cent at the beginning of l a y i n g . 
When a-egg volumes are c o r r e l a t e d against c-egg volumes 
a t v a r i o u s times i n the season, the same r e s u l t i s obtained 
( F i g . 1 1 ) . 
The trend for the c-egg to show the greatest 
volume decrease was contrary to E a r t h ' s ( I 9 6 7 ) r e s u l t s , 
which suggested the opposite to be the case. Again, 
i n the Kittiweike the c-egg was the l e a s t v a r i a b l e with 
season. T h i s could be p r e d i c t e d , since i n the Kittiwake 
(Coulson 1963) and a l s o i n the Herring G u l l (Andersen 1957) 
the c-egg becomes more sind more d i f f e r e n t from the f i r s t 
two as the age of the female i n c r e a s e s , and therefore as 
the l a y i n g date becomes e a r l i e r i n the season. However, 
although the age e f f e c t should r e s u l t i n a l e s s v a r i a b l e 
c-egg, the season i t s e l f may i n t h i s case exert an over-
r i d i n g e f f e c t to produce the d i f f e r e n c e s shown i n t h i s 
study. One fined explanation can be offered for an 
i n t e r p r e t a t i o n of E a r t h ' s r e s u l t s . The d i f f e r e n c e between 
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the mean a smd b egg volumes and the c-egg volume i n 
54 f i r s t c l u t c h e s was compared with the saune d i f f e r e n c e i n 
t h e i r subsequently r e - l a i d c l u t c h e s and found to be 7,42 
per cent and 6 .11 per cent r e s p e c t i v e l y . Therefore, 
under these circumstances the decrease was l e a s t i n the 
r e - l a i d eggs, and Barth's l a t e l a y i n g group were mainly 
repeat c l u t c h e s . 
Returning to the normal c l u t c h e s , the r e s u l t s 
i n d i c a t e that i f the t h i r d c h i c k s u f f e r s a higher m o r t a l i t y 
due to the c-egg volume d i f f e r e n c e , then there would be a 
trend f o r t h i s d i f f e r e n t i a l m o r t a l i t y to i n c r e a s e through 
the season. 
V a r i a t i o n with r e - l a y i n g 
I n any experimental i n v e s t i g a t i o n i t i s important 
to determine and separate the f a c t o r s that are d i r e c t l y and 
i n d i r e c t l y r e l a t e d to the experimentation. Egg s i z e has 
been shown to decrease with the progress of the breeding 
season, due both to the age of the females and to the time 
of l a y i n g i n the season. Delaying the breeding season by 
egg removal could d i r e c t l y a f f e c t the eggs and exaggerate 
the s i z e decrease owing to the p h y s i c a l s t r e s s of producing 
a second c l u t c h . I n d i r e c t l y , r e - l a y i n g could merely r e s u l t 
i n an e x t r a p o l a t i o n of the seasonal e f f e c t ; conversely, an 
ol d e r b i r d r e - l a y i n g l a t e r i n the season may l a y eggs of a 
gr e a t e r volume than that expected f or the delayed l a y i n g date. 
The eggs of 97 c l u t c h e s were measured before 
removal, and the seune measurements taken for the clu t c h e s 
r e - l a i d i n these n e s t s . Using mean egg volumes obtained 
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from the graph of normal l a y i n g i n the c o n t r o l areas, i t was 
p o s s i b l e to compare r e - l a y i n g with the expected r e s u l t s . 
The l o s s i n t o t a l egg volume between c l u t c h e s l a i d a t 
d i f f e r e n t times i n the season w i l l vary according to the intervsG. 
between the l a y i n g of these c l u t c h e s . T h i s l o s s was cailculated 
f o r three time i n t e r v a l s i n the c o n t r o l l a y e r s , and compaired with 
the decrease observed i n the r e - l a i d c l u t c h e s (Table 2 2 ) . Although 
the r a t e of decrease was s i m i l a r i n both cases ( 0 . 4 and 0 .5cc/day 
r e s p e c t i v e l y ) , the t o t a l volume l o s s was always greater i n the 
r e - l a i d c l u t c h e s , suggesting thai the seasonal e f f e c t was not the 
only i n f l u e n c e on egg s i z e i n repeat c l u t c h e s . 
Table 2 2 . The decrease i n t o t a l egg volume for c l u t c h e s of three 
eggs during r e - l a y i n g according to the i n t e r v a l between 
the l a y i n g of the f i r s t and repeat c l u t c h e s . 
Observed ( 0 ) and expected ( E ) r e s u l t s compared 
I n t e r v a l between 
c l u t c h e s No,clutches Decrease i n t o t a l egg volume 
cc. % 
0 E 0 E 
17 days 17 8 .5 7 .5 3.7% 3.4% 
25 days 15 12 .8 10 .4 5.5% 4.6% 
38 days 11 20 .5 I6.O 8",8% 7.0%: 
Table 2 3 . Observed (repeat clutches) and expected (normal c l u t c h e s ) 
decrease i n the volumes of a, b, aind c eggs from 
17 May - 4 June ( I 8 days) c a l c u l a t e d i n r e g r e s s i o n 
l i n e s i n Fig.1 2 
Volume decrease c c . 
R e - l a i d c l u t c h e s Normal Expected 
a-egg 4 . 5 1.6 
b-egg 3 . 2 2 .8 
c-egg 0 .7 3 .1 
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When the volume decrease i s divided i n t o the a, b, and 
c egg components, i t becomes apparent that the f i r s t two eggs are 
c o n t r i b u t i n g f a r more than the c-egg to the d i f f e r e n c e (Table 23), 
T h i s i s most no t i c e a b l e when the mean egg volumes are plotted 
a g a i n s t the l a y i n g dates of the repeat c l u t c h e s (Fig.12), The 
c a l c u l a t e d r e g r e s s i o n l i n e s appear as a continuation of the 
c o n t r o l data, but d i f f e r markedly i n two r e s p e c t s . F i r s t l y , 
the decrease i n egg volume as the season advances i s not so 
prominent; secondly, the d i f f e r e n c e i n s i z e between the f i r s t 
and repeat c l u t c h e s i s mainly the r e s u l t of a smaller a-egg, 
r a t h e r than an exaggerated seasonal e f f e c t . 
The volume of the c-egg i s p a r t i c u l a r l y constant with 
time, a t a l e v e l of 68 - Sec (one standard d e v i a t i o n ) . This 
volume corresponds c l o s e l y with that of the l a s t l a i d eggs i n the 
p r o t r a c t e d l a y i n g experiment (approx. 69cc), and with the volumes 
of the c o n t r o l c-eggs near the end of the normcil l a y i n g period, 
at a time when c/2 are frequently l a i d . I t i s therefore 
suggested th a t there i s a minimal s i z e for the c-egg, below which 
i t i s re-absorbed and not l a i d , and t h a t the c-egg re g r e s s i o n 
l i n e r e p r e s e n t s a l e v e l not f a r above t h i s minimixm. 
I t has already been mentioned that i n normal cl u t c h e s 
the f i r s t two eggs of c/2 are s m a l l e r than those of c/3 (Section 5)» 
The same s i g n i f i c a n t d i f f e r e n c e i s seen i n the repeat c l u t c h e s , 
e s p e c i a l l y between the b-eggs (Table 24, p^^O.Ol), and can be 
represented g r a p h i c a l l y by the r e g r e s s i o n l i n e s of the combined 
a and b egg volumes (F i g , 1 3 ) , 
Assuming that only females l a y i n g b-eggs l a r g e r than 72cc 
w i l l l a y a c-egg, t h i s p r e d i c t i o n can be tested with the o r i g i n a l 
Figure 12. 
Regression l i n e s of the v a r i a t i o n i n a, b and c-egg volume 
with the date of l a y i n g (1968) for f i r s t and repeat c l u t c h e s . 
Figure 13. 
Regression l i n e s of the v a r i a t i o n i n combined a and b-egg 
volume for repeat c l u t c h e s according to c l u t c h - s i z e and 
date of l a y i n g (1968) 
first clutches 
80 repeat clutches 
75 
.— ' a-egg 
70 
UJ 
_ l 
b-egg 
c-egg 
65 
§ 80! ai 
75 
70 
combined 
a- and 
'"^•• .^^  c-egg =»'-^- — 
66h 
may 
15 25 4 
DATE OF LAYING 
14 24 
june 
80 
Table 2k, Volixmes of a and b eggs of repeat clutches, to 
show the d i f f e r e n c e between C/2 and C/3 
Vol\me cc - 1 s t , e r r o r 
N a-egg b-egg 
C/3 10k 7k,12 - 0.63 7^.07 i 0.68 
NS p< 0.01 
C/2 69 75.02 i 0.61 70,98 i 0.76 
f i e l d measurements (Table 25). From I65 clutches, i t was found 
to be 70 per cent c o r r e c t , at a s i g n i f i c a n c e l e v e l of p^O.OOl. 
Therefore, i t seems t h a t when the a and b eggs f a l l below a 
c e r t a i n l e v e l , no t h i r d egg i s l a i d . The r e l a t i o n s h i p between 
the decline i n egg volume and the seasonal changes i n c l u t c h 
size w i l l be r e f e r r e d to i n Section 7. 
Table 25. P r e d i c t i n g whether a c-egg w i l l be l a i d according 
t o the size of the b-egg (72cc) - i . e . 
Volume > 72cc - C/3 l a i d 
Volume < 72cc - C/2 l a i d 
Predicted 
c l u t c h size 
P r e d i c t i o n 
i n c o r r e c t correct Total 
Percentage _ 
correct a p. 
C/3 21 ^6 67 69% p < 0.002 
C/2 29 69 98 709^  p< 0.001 
T o t a l 50 115 165 70% p <^0.001 
V a r i a t i o n w i t h i n the colony 
There i s evidence i n the Kitti w a k e (Coulson I968) and 
the Shag (Coulson et a l I969) t h a t b i r d s nesting on the periphery 
of expanding colonies are mainly young b i r d s , ^whilst those i n 
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the centre are predominantly older. Differences i n the 
breeding biology of Herring Gulls i n various p a r t s of the 
colony i n d i c a t e t h a t a s i m i l a r s i t u a t i o n i s manifest i n 
t h i s species (see Section 7)» 
Since g u l l s on the edge of the colony breed l a t e r , 
then the di f f e r e n c e i n mean egg volumes between edge and 
centre groups i s q u i t e expected. However, when eggs l a i d 
a t the sgune time i n the season are compared, a l l three eggs 
of the p e r i p h e r a l group are c o n s i s t e n t l y , but not s i g n i f i c a n t l y , 
smaller than those from the centre (Table 26). I t i s possibly 
a r e s u l t of young b i r d s on the edge breeding at the same time 
as the olde r b i r d s , o'r even a di f f e r e n c e i n the queLLity of 
b i r d s o f the same age nesting at the edge sind the centre of 
the colony. 
Table 26, Egg volumes of clutches l a i d a t the same time i n 
nests at the edge (N = 40) and i n the centre s i 
of the colony 
Volume cc. 
a-egg b-egg c-egg 
centre 77.79 - 0,8k 76.59 - 0 .91 70.28 t 0.90 
edge 76.96 i 0.93 76.41 - 0.86 68.90 - 0.88 
6.2 Component parts o f eggs 
Method 
Separation of the egg i n t o s h e l l , y o l k and albumen by 
hard b o i l i n g i s only e f f e c t i v e i n fresh eggs. I t has already 
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been demonstrated (Section 5) t h a t incubation of the a and 
b-eggs commences before the l a y i n g of the c-egg. The d i v i s i o n 
between y o l k and albiunen breaks down during the eairly stages of 
i n c u b a t i o n , rendering the separation of these constituents by 
hard b o i l i n g an impossible task. I t was therefore necessaury 
to remove each egg of a c l u t c h as soon as i t was l a i d , t h a t i s , 
before any incubation had taken place. I n order to avoid 
disturbance to the normal l a y i n g p a t t e r n , other eggs were 
s u b s t i t u t e d when a and b-eggs were removed. Egg recognition 
does not develop immediately, i f a t a l l , and none of the 
replacement eggs were r e j e c t e d . 
A t o t a l of 273 clutches were c o l l e c t e d i n t h i s way 
through the season. Of these, 15^ were normal clutches 
separated i n t o e a r l y , middle, and l a t e l a y e r s , w h i l s t the 
remaining 119 were r e - l a i d clutches. Yolks were retained 
f o r f a t einalysis sind, as before, s h e l l s , yolks and albumens 
were weighed to O.Olg. 
Proportions of y o l k , albumen and s h e l l 
Romanoff & Romanoff (19^9) showed tha t b i r d s ^ eggs can 
be grouped i n t o two classes according to t h e i r r e l a t i v e sunounts 
of y o l k eind albumen. Nidifugous b i r d s , such as the domestic 
hen, l a y eggs w i t h a higher percentage of y o l k i n the egg 
(30-^0 per cent) than n i d i c u l o u s species, as f o r example the 
Laridae (25 per cent) (Table 2 7 ) . A r e l a t i v e l y large yolk 
assures a f a i r l y advanced stage of development i n the young 
at hatching, whereas chicks from small yolked eggs are helpless 
during the post-hatching p e r i o d . Although the Herring Gull 
belongs to the l a t t e r group, i t s n e s t l i n g s are compaa-atively 
more independent a t hatching than many a l t r i c a l species (e.g. 
Doves, Pigeons, w i t h I 8 per cent y o l k ) . 
83 
Table 27. P r o p o r t i o n a l composition of average eggs of the 
Herring G u l l and the domestic hen (Romanoff & Romanoff 19^9) 
Herring G u l l Domestic Hen 
wt.g. % wt. wt.g. % wt. 
Albumen 59.8 67.3 32,9 55.8 
ToUc 22.3 25.1 18.7 31.9 
S h e l l 6.8 7.^ SA 12.3 
T o t a l egg 88.9 100.0 58.0 100.0 
Table 28, Regressions of yolk, albumen," and s h e l l weight 
on egg weight 
Mean weight Correlation 
N gm. Slope c o e f f i c i e n t - r 
Yolk 125 22.32 + 0.187 0.721 
Albumen 210 57.29 + O.813 0.932 
S h e l l 160 6.68 +0.067 0.770 
The r e l a t i v e proportions of yolk smd albumen and s h e l l 
vary w i t h the size of the egg. Larger g u l l eggs contain 
r e l a t i v e l y less yolk and more albumen than, smaller eggs ( F i g . l 4 ) , 
although the actua l weight of the yolk does increase w i t h egg 
si z e . There i s a s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n between 
y o l k , albumen, and s h e l l weights and t o t a l egg weight (Table 28), 
but the y o l k and s h e l l are the l e a s t v a r i a b l e components. 
Between the extremes of egg si z e , the albumen varies from 
kO-70s per c e n t ) , w h i l s t the y o l k only increases from 
17-25g (30 per c e n t ) . S i m i l a r l y , by l i s t i n g eggs of various 
species by size, the y o l k c o n s t i t u t e s an ever l a r g e r p r o p o r t i o n 
of the t o t a l egg weight as the egg size decreases (Romemoff & 
Romanoff 19^9). 
Figure 14. 
The component p a r t s of eggs. Regression l i n e s of the 
v a r i a t i o n i n weight (continuous l i n e ) and percentage 
composition (dotted l i n e ) of s h e l l , albumen and yolk 
of eggs of various sizes 
a bumen 
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84 
V a r i a t i o n w i t h i n the c l u t c h 
The regression of yolk weight on egg weight (Fig,15) 
shows a trend, though not s i g n i f i c a n t , f o r the a-egg to contain 
r e l a t i v e l y less y o l k than the other two eggs (Table 29). At 
any stage i n the season the mean yolk weight f o r the c-egg i s 
no d i f f e r e n t from t h a t of the a-egg, even though the t o t a l egg 
v/eight i s s i g n i f i c a n t l y l i g h t e r (p<; 0,001). I t i s the albumen 
which accounts f o r t h i s d i f f erence (Table 29). The importaince 
of t h i s phenomenon i n the understeinding of egg l a y i n g and post-
hatching m o r t a l i t y w i l l be r e f e r r e d t o l a t e r . 
V a r i a t i o n through the season and w i t h r e - l a y i n g 
I t has p r e v i o u s l y been shown t h a t egg size decreases 
both through the season and w i t h r e - l a y i n g , and t h i s e f f e c t 
was obviously evident i n the weights of yolk (Table 30) and 
albumen. However, i n order to i n v e s t i g a t e whether the 
p r o p o r t i o n of these components remained the same under varying 
c o n d i t i o n s , the regressions of egg weight against yolk weight 
were compeured (Appendix V), Eggs of the same size had a 
s i m i l a r composition e a r l y and l a t e i n the season, whereas i n 
the middle of the l a y i n g period there was r e l a t i v e l y more 
yo l k i n l a r g e r eggs (p<0,001, Fig,16). Whether t h i s 
represents the optimum environmental conditions f o r egg 
l a y i n g i s not known. The percentage o f y o l k i n r e - l a i d 
eggs was no d i f f e r e n t from normal clutches. 
Figure 15 
Regression l i n e s of yolk weight on egg weight according 
to the sequence of l a y i n g . 
Figure l6 
Regression l i n e s of yolk weight on egg weight f o r clutches 
l a i d e a r l y (up to 9 May), middle (9 - 17 May) and l a t e 
( a f t e r 17 May) i n the season 
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Table 30, Mean Yolk and Egg weights through the season 
* one standard e r r o r 
Date of Laying 
Early Middle Late Re-layers 
(up to 9/5) (9/5-17/5) ( a f t e r 17/5) 
N 50 k2 20 71 
a-egg 91.3^-0,97 89.91-1.26 90.13^2.15 85.62^0.67 
egg b-egg 89.84io.94 90,30^1.22 89.73-1.69 86.92^ 0.67 
wt, 
c-egg 84.4oio.88 83.77il.l8 82.9lil.55 80.63io.64 
a-egg 22.4oio.23 22.l6io.32 22.03io.35 20.94io.l7 
y o l k 
wt. b-egg 23.23io.25 23.O6io.34 22,85-0,39 22,llio,20 
c-egg 22,32io.23 21,7lio.31 21,39-0.36 20.94io.i9 
6.3 Yolk l i p i d content 
L i p i d s form the l a r g e s t p a r t of the organic s o l i d 
matter i n the yolk (Romanoff & Romanoff 1949), and are 
indispensable t o the l i f e and growth of the chick embryo. 
V a r i a t i o n s i n the l i p i d content are therefore of considerable 
b i o l o g i c a l importeince. The albumen contains v i r t u a l l y no 
l i p i d s , smd so only the yolks were retained f o r l i p i d analysis. 
Method 
The hard-boiled yolks were dr i e d i n a vacuum oven 
to constant weight, and the soluble l i p i d s extracted w i t h a 
petroleum-ether mixture, using a modified soxhlet technique 
( a f t e r Evans pers.comm,). 
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Table 31. Relationship between egg weight, yolk weight, 
and soluble l i p i d weight (dry) 
Regression N mean x mean y slope c o r r e l a t i o n 
X y gm. gm. y on X c o e f f i c i e n t 
Egg wt : yo l k wt 42 88.90 22.62 +0,30 +0.88 
Yolk wt dr y : yolk l i p i d 42 11.45 6.92 +0.62 +0.95 
Egg wt : yolk l i p i d 42 88.90 6.92 +0.09 +0.81 
Table 32. L i p i d e x t r a c t i o n of 15 clutches to show r e l a t i o n s h i p 
between egg weight, y o l k weight, and soluble l i p i d 
content 
per cent 
.V.1.J Xi^ l i p i d l i p i d 
mean mean meein mean X 100 X 100 
egg yo l k yolk y o l k l i p i d dry 
wt. wt. wt. wt. yolk egg 
(wet) (dry) wt. wt. 
a-egg 92.15 23.00 25.09^ 11.61 6.92 59.6% 7.5%" 
b-egg 91.19 23.00 25.25^ " 11.61 7.02 60.5% 7.7% 
c-egg 83.96 21.76 25.9% 11.10 6.75 60.8% 8.0% 
Results 
The soluble l i p i d content represented about 60 per cent 
of the dry y o l k weight. There were s i g n i f i c a n t p o s i t i v e 
c o r r e l a t i o n s between l i p i d weight and egg weight and between 
y o l k weight eind egg weight (Table 31), which would i n d i c a t e t h a t 
egg size i s an appropriate guide to the energy ava i l a b l e to the 
chick embryo. Yolk l i p i d weight ranged from 5.0-8,5gm between 
small and la r g e eggs (Figs,17 & l 8 ) . 
Figure 17 
Regression of soluble l i p i d content of yolk on egg weight 
Figure l 8 
Regression of soluble l i p i d content of yolk on yolk weight 
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The t o t a l l i p i d extracted from the c-eggs was i n v a r i a b l y 
l e s s than t h a t present i n the a or b-eggs, although i t represented 
a higher percentage o f the t o t a l egg weight (Table 32). This 
emphasised the s i t u a t i o n sQ.ready noted w i t h the yolk weights, 
where the b-egg was seen to contain the most yol k , and therefore 
l i p i d , of the eggs. 
6.4 Relationships w i t h egg size 
Egg size and incubation period 
I n general, incubation and egg l a y i n g take longer i n 
l a r g e r b i r d s w i t h l a r g e r eggs (Vemeer I 9 6 7 ) , and t h i s can be 
demonstrated w i t h i n the Laridae f a m i l y (Table 33). This i s 
understsmdable, since the energy requirement f o r incubation i s 
r e l a t e d t o the surface area and weight of the eggs. 
Table 33. Egg voltimes and incubation periods of various 
Larus species, incubation measured from the l a y i n g 
to the hatching of the c-egg (k = 0.476 f o r volume index) 
Species N 
Black-headed Gul l 624 
Common Gu l l 100 
Herring G u l l 30 
Greater Black-backed 
G u l l 35 
vol.cc 
32 
48 
70 
94 
incubation 
period days 
22.8 
25.9 
Ytreberg (1956) 
Earth (1955) and 
Witherby et a l ( I 9 4 l ) 
27.0 This study 
29.0 Harris (1964) 
Incubation periods of 134 a-eggs were analysed to 
i n v e s t i g a t e whether the same p r i n c i p l e could be detected w i t h i n 
the same species. The l a r g e r eggs (> 7 6 c c ) took s i g n i f i c a n t l y 
longer t o hatch than the smaller ones ( C76cc) (p<[^0.00l), v/ith 
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an average d i f f e r e n c e of 16 hours f o r a lOcc increase i n volume 
(Table 34), This would i n d i c a t e t h a t the incubation period of 
the smaller c-egg i s l e s s than t h a t of the a and b eggs. 
Furthermore, i t could e x p l a i n why the i n i t i a l d i f f e r e n c e of 
32 hours between the development of the b and c eggs i s reduced 
to approximately l 8 hours at hatching. 
Table 34, Incubation period f o r large and small a-eggs 
Size of a-egg N Incubation period 
76cc (mean 82cc) 67 29.98 ~ 0.08 days 
p<0.001 
76cc (mean 71cc) 67 29.31 i 0,11 days 
For the same reason, incubation takes less time l a t e r i n 
the season when the egg size i s decreasing (Table 35). I t i s 
noticeable that the shortening of the incubation period (20 hours) 
i s greater than expected f o r a volume decrease of about 4cc, and 
i t i s t h e r e f o r e probable t h a t i n t h i s case egg volume i s not the 
only f a c t o r c o n t r i b u t i n g to the shorter period. I t i s possible 
t h a t as the season progresses, the onset of incubation follows 
more r a p i d l y a f t e r l a y i n g . 
Table 35. Incubation periods e a r l y (before 10 May) and l a t e 
( a f t e r 24 May) i n the season f o r a, b, and c eggs 
(sample number i n brackets) 
a-egg b-egg c-egg 
e a r l y 29.96 i 0.19 (28) 28.43 i 0.19 (28) 27.52 * 0.l8 (26) 
p4:0,001 p<0,002 p-^0,001 
l a t e 29.08 i 0.11 (79) 27.74 i 0.12 (75) 26.70 i 0.14 (41) 
N.B. Incubation period i s measured from the l a y i n g to the hatching 
of the egg 
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Egg s i z e and hatching success 
Egg removal as a method of delaying the breeding 
season produces i t s own e f f e c t s which should be separated from 
any i n f l u e n c e the time of l a y i n g may have on the breeding biology. 
R e - l a i d eggs show s i z e d i f f e r e n c e s , a l b e i t marginsil, from eggs 
of f i r s t c l u t c h e s l a i d a t the same time. I t was therefore 
necessary to compare h a t c h a b i l i t y with egg s i z e , so that any 
experimental e f f e c t s on hatching success could be i s o l a t e d . 
Eggs were grouped according to egg volume and 
l a y i n g sequence and the percentage of eggs hatching was recorded 
(Table 3 6 ) , There was no appreciable d i f f e r e n c e i n the 
hatching success of a, b, or c-eggs. Hatching success was 
p o s i t i v e l y c o r r e l a t e d with egg s i z e ( p ^ 0 , 0 5 ) , although 
t h i s r e l a t i o n s h i p was reversed for the l a r g e s t egg grouping 
of any egg i n the l a y i n g sequence. I t appeared that very 
s m a l l said very l a r g e eggs were l e s s l i k e l y to hatch than 
those w i t h i n the normal range of egg volume. I t i s p o s s i b l e 
that s m a l l eggs contain inadequate r e s e r v e s f o r embryonic 
development, or are l a i d by a d u l t s l e s s s u c c e s s f u l at incubation 
or p r o t e c t i o n of t h e i r c l u t c h e s . At the other extreme, a d u l t s 
may not be able to provide the required heat exchange for the 
development of a c l u t c h of very l a r g e eggs, since the energy 
cost of incubation i s r e l a t e d to egg s i z e (Drent I 9 6 7 ) , 
T i n d e l l & Morris (196^) found a highly s i g n i f i c a n t 
p o s i t i v e trend between egg s i z e , f e r t i l i t y , and h a t c h a b i l i t y 
i n p o u l t r y . I t i s i n t e r e s t i n g that the range i n hatching 
success of hen's eggs was s i m i l a r to the above r e s u l t s , 
v a r y i n g from 73 to 82 per cent. A decrease i n hatching 
s u c c e s s was a l s o recorded f o r the l a r g e s t egg grouping (Table 38), 
an e f f e c t which was not due to a reduction i n the f e r t i l i t y of 
l a r g e eggs, but a r e s u l t of subsequent incubation. 
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R e - l a i d eggs showed the seime trend between egg s i z e 
and h a t c h a b i l i t y (Table 3 7 ) , and the t o t a l hatching success 
( 7 ^ . ^ per cent) was not s i g n i f i c a n t l y d i f f e r e n t from normal 
c l u t c h e s . 
Eggs that showed no sign of embryonic development 
were noted as addled, and these appeared to vary l i t t l e with 
egg s i z e (Table 3 7 ) . Furthermore, a l l eggs of the l a y i n g 
sequence were equ a l l y prone to being addled, although the b-egg 
was, i f anything, s l i g h t l y l e s s so than i t s s i b l i n g s (Table 3 9 ) . 
The same p a t t e r n occurred i n r e - l a i d c l u t c h e s , where s l i g h t l y 
more eggs v/ere recorded as addled ( a l s o see Section 7 ) . Any 
changes i n the behaviour that i s required f o r f e r t i l i s a t i o n 
of the eggs w i l l be more prevalent at the onset and termination 
of l a y i n g . I t i s p o s s i b l e that a t these times, when the a-eggs 
and then the c-eggs are being l a i d , f e r t i l i s a t i o n i s l e s s 
f r e q u e n t l y completed. I t must be emphasised, however, that 
d i f f e r e n c e s seen i n the b-egg are not s i g n i f i c a n t . 
Table 38, Percentage f e r t i l i t y and hatching success of 
domestic hen's eggs of var i o u s s i z e s 
( T i n d e l l 8e Morris 196^) 
Egg weight gm, 
18-20 20-22 22-2^ 2^-26 
Percentage 
f e r t i l i t y 83.^% 86.3% 90,6?^ 92.6% 
Percentage hatching success : 
i ) from f e r t i l e eggs. 
88,0% 89.0% 90.6% 87.2% 
i i ) from a l l eggs 73-3% 76,8%" 82,1% 80.7% 
9^ 
Table 39. Percentage of addled eggs and l a y i n g sequence 
Sample number i n brackets 
a-egg 
normal c l u t c h e s r e - l a i d c l u t c h e s 
10.095" 12,9% 
(101) 
b-egg 8,5?^' 12.695 
ikk3) (95) 
c-egg 9.095 13.3% 
(443) (45) 
Egg s i z e and c h i c k weight 
Egg volume and c h i c k weight on hatching were 
! r =+0.91, N = 76, p o s i t i v e l y c o r r e l a t e d (corrVcoef, 
F i g . l 9 ) , Unfortunately, i t was not p o s s i b l e to measure the 
l e n g t h of time a f t e r hatching that c h i c k and egg weights are 
r e l a t e d . Various s t u d i e s on p o u l t r y have shown a dependence 
of body weight on egg weight d e c l i n i n g with age, having l i t t l e 
e f f e c t a f t e r two weeks (Godfrey et a l 1953), or a f t e r f i v e 
weeks (Halbersleben & Mussehl 1922), However, others have 
claimed that the d i f f e r e n c e can s t i l l be detected as long as 
e i g h t weeks (O'Neil 1950), and twelve weeks a f t e r hatching 
(Wiley 1950, Skoglund et a l 1952, Morris et a l 1968)';' 
6,5 Fate of the t h i r d c h i c k 
I n t r o d u c t i o n 
I t may appear premature to d i s c u s s pre-fledgihgg 
m o r t a l i t y i n a s e c t i o n on egg s i z e . Nevertheless, i t i s 
f i t t i n g a t t h i s point to elaborate on the d i f f e r e n c e s i n 
m o r t a l i t y that may be a t t r i b u t e d to egg s i z e , although 
Figure 19 
Regression l i n e s to show the r e l a t i o n s h i p between egg volume and 
( i ) c h i c k weight on hatching (upper graph) 
( i i ) s oluble l i p i d content of c h i c k s on 
hatching (lower graph) 
CHICK WEIGHT 
AT HATCHING 
SOLUBLE 
LIPID 2-7 
CONTENT 
OF CHICK 
AT HATCHING 
g-
EGG VOLUME cc. 
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general c h i c k m o r t a l i t y w i l l be r e f e r r e d to i n Section @ . 
Egg V a r i a b i l i t y has been studied on the assumption 
t h a t egg size, and breeding success bear some degree of 
c o r r e l a t i o n . I t was important to estimate the extent of 
t h i s r e l a t i o n s h i p , so that the e f f e c t s of the l a y i n g sequence, 
experimentation and time of l a y i n g on egg s i z e could be 
evaluated i n terms of breeding s u c c e s s . 
Laying sequence and post-hatching m o r t a l i t y 
Emphasis has repeatedly been placed on the smallness 
of the c-egg r e l a t i v e to the f i r s t two eggs l a i d i n a c l u t c h . 
I t i s p o s s i b l y an adaptation, the smaller c-egg g i v i n g r i s e 
to a weak emd small c h i c k which would p e r i s h i n unfavourable 
c o n d i t i o n s . I t therefore seemed worthwhile examining the 
n e s t i n g success i n t h i s study. 
I t i s known tha t most of the pre-fledging m o r t a l i t y 
i n the Herring G u l l occurs soon a f t e r hatching, and over h a l f 
w i t h i n the f i r s t week of l i f e (Paynter 19^9, H a r r i s 196^, 
Kadlec e t a l 1968 and I969, t h i s s t u d y ) . Therefore, the 
m o r t a l i t y has been separated i n t o two groups, namely, the 
m o r t a l i t y before (post-hatching) and then a f t e r the seventh 
day of l i f e (Table kO), The f a t e of chicks' was | grouped 
according to l a y i n g sequence f o r broods of three c h i c k s , 
and a l s o f o r broods of two when one egg f a i l e d to hatch 
(Appendices VI and V I I ) , 
I n both 1967 and 1968, the t h i r d chick, ( i . e , the 
c - c h i c k ) s u f f e r e d a s i g n i f i c a n t l y higher post-hatching 
m o r t a l i t y than i t s s i b l i n g s (p< 0 , 0 0 1 ) , but t h i s was not 
apparent a f t e r the f i r s t week of l i f e . The r e s u l t c o n t r a d i c t s 
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H a r r i s (1964) who found "no evidence to i n d i c a t e that the 
t h i r d c h i c k e i t h e r weighed l e s s , or survived l e s s w e l l than 
the other two c h i c k s , " When c h i c k s were weighed on hatching, 
the c - c h i c k was s i g n i f i c a n t l y l i g h t e r than i t s s i b l i n g s (p<0,001. 
Table kl), T h i s i s c o n s i s t e n t with the general r e l a t i o n s h i p 
a l r e a d y shown between egg s i z e and chick weight. Furthermore, 
t h i s weight d i f f e r e n c e was increased when the brood was weighed 
on the day that the c-chick hatched (Table 4 1 ) . 
When more thsin one chick of the brood died, the 
b-chick a l s o showed a greater m o r t a l i t y than the a-chick (p^0,05, 
Appendix V I ) , However, i f only two c h i c k s hatched, no 
s i g n i f i c a n t d i f f e r e n c e s were detected between s i b l i n g s , 
auLthough the trend was always for a lower s u r v i v a l of the 
l a s t c h i c k to hatch and the l a c k of significeuace may be due 
to the small sample s i z e s . T h i s would i n d i c a t e that the s i z e 
disadvantage i s not the only f a c t o r involved i n the d i f f e r e n t i a l 
m o r t a l i t y , s i n c e the b-egg and ch i c k are not s i g n i f i c a n t l y 
s m a l l e r than the a-egg and ch i c k . Another f a c t o r , namely 
the sequence of hatching, may pla y an important r o l e i n 
these d i f f e r e n c e s . The b-egg hatches up to twelve hours 
a f t e r the a-egg, and u s u a l l y the c-egg i s chipping f o r 
another day before hatching (see e a r l i e r ) , ^o evaluate 
the r e l a t i v e importance of these two f a c t o r s , an egg 
t r a n s f e r experiment was c a r r i e d out. 
Egg t r a n s f e r experiment 
An experiment was designed to d i s t i n g u i s h between 
the e f f e c t s of egg s i z e and hatching sequence on the post-
hatching s u r v i v a l of c h i c k s . Eggs were t r a n s f e r r e d from 
nest to n e s t , so that the l a r g e r a-eggs hatched l a s t , 
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Table 4 l , Comparing the weights of c h i c k s immediately 
a f t e r hatching. - one standard e r r o r 
chicik wt.at chi c k wt.when 
hatching g. % d i f f e r e n c e c-chick hatched % d i f f e r e n c e 
(21 broods) from a-egg ( l 6 broods) from a-egg 
a-chick 64,4io,88 68.1^2,63 
b-chick 63.8tl.07 -0.99^ 66.4-1.88 -2,595 
c - c h i c k 5 6 , 6 i l . l 2 -12,195**' 58, o i l , 27 -14.8%*** 
S i g n i f i c a n c e of d i f f e r e n c e i n weight from a-chick weight p ( 0.001 
w h i l s t the small c-eggs hatched f i r s t . This was achieved by 
interchanging a-eggs which had j u s t s t a r t e d chipping, with 
chipping c-eggs from n e s t s i n which the f i r s t two eggs had 
a l r e a d y hatched ( F i g . 2 0 ) . The normal s i z e d i f f e r e n c e between 
a cuad c-eggs3 was maintained i n these a l t e r e d n e s t s . Hatching 
c h i c k s were marked with p l a s t i c colour r i n g s according to the 
f o l l o w i n g c a t e g o r i e s : 
a-chick hatching l a s t 
c - c h i ck hatching f i r s t 
normal a-chick 
normal b-chick 
normal c-chick 
Nearly a week a f t e r hatching, c h i c k s were r e - v i s i t e d , 
and the p l a s t i c r i n g s removed. The number caught and r e l e a s e d 
gave an estimate of s u r v i v a l , whereas those found dead 
represented the minimal m o r t a l i t y . The number of r i n g s 
unaccounted f o r was approximately the same i n each category 
(Table 4 2 ) , and so i t would appear that the method was 
s u i t a b l e f o r comparative a n a l y s i s . 
Figure 20 
Egg t r a n s f e r experiment. I l l u s t r a t i o n of the exchange 
between larg e chipping a-eggs and small chipping c-eggs, 
r e s u l t i n g i n c l u t c h e s with the a-egg hatching l a s t and 
the c-egg hatching f i r s t 
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Table 42, Egg t r a n s f e r experiment. Comparing the post-
hatching m o r t a l i t y and s u r v i v a l of normal and 
s u b s t i t u t e d eggs when the hatching sequence 
had been a l t e r e d 
normal hatching sequence 
c-egg hatch- a-egg hatch-
ing f i r s t i n g l a s t a-egg b-egg c-egg 
No. ringed 123 132 221 271 46 
No,recovered : 
dead 13 28 13 33 13 
a l i v e 72 75 l 4 3 170 19 
Per cent 
m o r t a l i t y 10,6% l 8 . 5 % 8.6% 12.2% 28,3% 
Per cent 
s u r v i v a l 58,5% 49.3% 64,7% 62.7% 4 l , 3 % 
Per cent 
accounted f o r 
69,1% 67,8% 73.3% 74,9% 69,6% 
I t i s appreciated that t h i s experiment produces 
abnormal broods, i n which there are those with two a-eggs, 
and others with two c-eggs. Also, there are fu r t h e r 
permutations of eggs which would be of equsil i n t e r e s t . 
For example, l a r g e c-eggs, hatching i n the normal sequence, 
could be placed i n n e s t s with small a and b-eggs. However, 
the d i f f i c u l t y i n fdLnding n e s t s where a l l three eggs are 
hatching, and are of the appropriate s i z e euid s t a t e of chipping, 
medces such experiments p r a c t i c a l l y i n f e a s i b l e . Interchemging 
eggs w i l l only be s u c c e s s f u l i f the s u b s t i t u t e eggs are not 
r e j e c t e d , even at the l a t t e r stages of incubation, A t r i a l 
egg t r a n s f e r experiment, i n v o l v i n g 72 n e s t s , showed no 
100 
i n d i c a t i o n of an i n c r e a s e i n the m o r t a l i t y of eggs or ch i c k s 
t h a t had been introduced i n t o foreign n e s t s . 
The r e s u l t s show that when the c-egg hatches f i r s t , 
the c h i c k s u f f e r s l e s s m o r t a l i t y (p<0.01) and has a b e t t e r 
s u r v i v a l (p<0.05) than i n the normal s i t u a t i o n (Table 42), 
S i m i l a r l y , the s u r v i v a l of a-chicks hatching l a s t decreases 
(p<;0,01) and the m o r t a l i t y i n c r e a s e s (p<0,001). This 
i n d i c a t e s t h a t the sequence of hatching contributes 
s i g n i f i c a n t l y towards the future of the chick. Asynchronous 
hatching of young i s regarded as an adaptation to a somewhat 
unpredictable food supply, reducing the brood s i z e to the 
a v a i l a b i l i t y of food without j e o p a r d i z i n g the survived of 
the older young (Luck 1954), Although the i n t e r v a l between 
the hatching of consecutive eggs i n the Herring G u l l i s not 
as marked as i n , f o r example, hawks and owls, there i s a 
d i f f e r e n c e which c o n t r i b u t e s to the d i f f e r e n t i a l m o r t a l i t y 
of the t h i r d c h i c k . T h i s i s perhaps s u r p r i s i n g i n a species 
whose food supply i s now r e l a t i v e l y p r e d i c t a b l e and r a r e l y i n 
short supply. However, even when hatching l a s t , the a-chick 
does not sufffer as high a m o r t a l i t y as the normal c-chick. 
Nor indeed does the c - c h i c k hatching f i r s t survive as w e l l 
as i t s s i b l i n g s . I t would therefore appear that the egg 
s i z e , i r r e s p e c t i v e of the sequence of hatching, may also 
have an e f f e c t on post-hatching s u r v i v a l . 
Egg s i z e etnd post-hatching s u r v i v a l 
To i n v e s t i g a t e t h i s problem f u r t h e r , a d e t a i l e d 
study was made of the post-hatching s u r v i v a l of c h i c k s 
from eggs of known volume. Age i s known to i n f l u e n c e 
Kff.af?7fJ 101 
the breeding success i n the Kittiwake (Coulson I966), and 
Herring G u l l s breeding f o r the f i r s t time r e a r fewer c h i c k s 
than o l d e r b i r d s (Drost et a l I96I), Therefore a general 
c o r r e l a t i o n between egg s i z e and breeding success might 
merely r e f l e c t the age s t r u c t u r e of the population, since 
yj)mg g u l l s breed l a t e r , eind leiy s m a ller eggs: which 
subsequently give r i s e to fewer fledged c h i c k s . However, 
by a n a l y s i n g eggs l a i d a t the saime time i n the season, t h i s 
problem could be avoided. 
Over 1400 eggs were measured i n the f i e l d , and 
t h e i r volumes c a l c u l a t e d . The s u r v i v a l of the c h i c k s was 
again followed by l e g banding on hatching. The fate of 
c h i c k s were grouped according to egg volume and sequence 
of l a y i n g (Table 43, Fig,21), 
I n each instaince there i s a marked c o r r e l a t i o n 
between egg s i z e and c h i c k s u r v i v a l (p<0,00l), g i v i n g a 
range from approximately 80 per cent to 10 per cent s u r v i v a l . 
The r e l a t i o n s h i p between s u r v i v a l and egg volume for the 
f i r s t two eggs i n a c l u t c h i s not s i g n i f i c a n t l y d i f f e r e n t , 
but although the slope i s the same f o r the c-egg, the 
s u r v i v a l i s over 10 per cent lower f o r eggs of the same 
s i z e (p<0,001), Ihus the s u r v i v a l of the c-chick i s lower 
than would be expected from i t s s i z e , eind i s presumably a 
r e s u l t of the sequence of hatching. Nevertheless, egg 
volume i s a most important f a c t o r i n determining post-
hatching s u r v i v a l , and n e a r l y a l l the c h i c k s from eggs 
s m a l l e r than 65cc died soon a f t e r hatching. Only 8 per cent 
of a l l eggs l a i d were below t h i s s i z e and 89 per cent of these 
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Figure 21 
Comparing the r e l a t i o n s h i p between egg volume and. the 
percentage post-hatching c h i c k m o r t a l i t y / s u r v i v a l for 
each egg of the l a y i n g sequence 
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were c-eggs. Neither repeat nor protracted l a y e r s 
continued to l a y once t h e i r eggs had become as smaill as 
65 -7OCC. To l a y 6ind incubate smaller eggs would be a 
disadvEintage i f the c h i c k s have l i t t l e chsince of s u r v i v a l . 
The a c t u a l s i z e of the egg need not be wholly responsible 
for^the future of the chi c k , f or w i t h i n the same age c l a s s , 
some a d u l t s w i l l be more s u c c e s s f u l a t r e a r i n g c h i c k s than 
others, and i t i s not u n l i k e l y that the poorer q u a l i t y 
females w i l l l a y smaller eggs. 
Both egg s i z e and hatching sequence seem to 
contribute to the d i f f e r e n t i a l m o r t a l i t y , and the d i f f e r e n c e s 
a l r e a d y noted (Table 40) may be a n t i c i p a t e d from Fig.21, 
The mean voliunes of a and b-eggs are 77,9 and 76.1cc 
r e s p e c t i v e l y , whereas that of the c-egg i s only 69,2cc. 
From the slope of the combined a and b-eggs, t h i s would 
give a d i f f e r e n t i a l , m o r t a l i t y of 22 per cent due to egg 
volume alone, A f u r t h e r 11 per cent chick m o r t a l i t y i s 
added owing to the sequence of hatching, giving a t o t a l 
d i f f e r e n c e i n m o r t a l i t y of 33 per cent. I n the same way, 
an i n c r e a s e i n the post-hatching m o r t a l i t y due to the 
seasonal decrease i n egg volume may be c a l c u l a t e d . For eggs 
l a i d i n the f i r s t and l a s t weeks of May, the di f f e r e n c e would 
be about 7 per cent m o r t a l i t y f or the a-eggs and 12 per cent 
f o r the c-eggs. S i m i l a r l y , repeat c l u t c h e s should show a 
ch i c k m o r t a l i t y i n c r e a s e of 12 per cent and 2 per cent for 
the a and c-eggs r e s p e c t i v e l y . 
I n order to appreciate the advantages conferred on 
c h i c k s from l a r g e eggs, an sin a l y s i s of chick l i p i d r e s e r v e s 
was c a r r i e d out using the Soxhlet appeiratus. 
104 
Egg s i z e and chick l i p i d r e s e r v e s 
Chicks from eggs of known voliune were weighed on 
hatching and l a t e r d r i e d i n a vacuum oven. Soluble l i p i d s 
were e x t r a c t e d u s i n g a petroleum ether mixture and the modified 
s o x h l e t technique. 
Egg s i z e has already been shown to be p o s i t i v e l y 
c o r r e l a t e d with such f a c t o r s as yolk weight and l i p i d (hexane 
s o l u b l e ) content. This r e l a t i o n s h i p i s s t i l l noticeable a t 
hatching, f o r the weights of c h i c k s and t h e i r l i p i d content 
were p o s i t i v e l y c o r r e l a t e d with egg volume (Table F i g s , 19 
auid 22), Between the extremes of egg s i z e (65-90cc) the 
so l u b l e l i p i d content of the hatching chick may vary by as 
much as 35 per cent (2.1 - 3 . 2 g.respectively), 
Table k-k. Regression a n a l y s i s of egg volume on chick weight 
and l i p i d content 
c o r r e l a t i o n 
c o e f f i c i e n t - r slope N p r o b a b i l i t y 
Egg v o l : chi c k wt. +0,911 +0,75 76 <0.001 
Egg v o l : chick l i p i d wt. +0,634 +0,04 16 ^0,01 
Dry c h i c k wt : ch i c k l i p i d wt +0,623 +0.29 20 < 0,01 
L i p i d r e t a i n e d i n the chick at hatching represents an 
appreciable percentage (21%) of the t o t a l dry weight of the 
c h i c k . I n the p r e c o c i a l , nidifugous, s p e c i e s (Domestic Duck 
and Fowl) l e s s than h a l f the o r i g i n a l f a t store i s consumed 
during the development of the embryo, so that upon hatching 
the young b i r d can surv i v e f o r a considerable period without 
•MM-
Figure 22 
Regression of the soluble l i p i d content of chicks at 
hatching on the dry weight of the c h i c k s 
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food (Drent 196?). T h i s may be longer than 48 hours i n the 
Mallsird (Kear 19^5) i or as much as 5 days i n the C a p e r c a i l l i e 
(Mfio'cstrom I 9 6 O ) , A l t r i c i a l , and n i d i c o l o u s , species consume 
n e a r l y auLl the l i p i d content i n the egg during incubation, so 
th a t the hatching c h i c k i s e n t i r e l y dependent on i t s parents. 
The p r e c o c i a l , but n i d i c u l o u s , Herring G u l l l i e s intermediate 
between these two groups. The mean l i p i d content of the eggs 
was shown to be 6.92g. At hatching, the ch i c k s contain an 
average of 2,58g of soluble l i p i d , or 37 per cent of the 
o r i g i n a l r e s e r v e s . This i s s i m i l a r to the figure of 
ho per cent estimated by Drent (I967). 
An appreciable p a r t of the s i z e d i f f e r e n c e i n newly 
hatched g u l l s i s therefore caused by the surplus of l i p i d 
r e t a i n e d w i t h i n the chick a t hatching. I t i s suggested 
t h a t the parent-chick r e l a t i o n s h i p takes some time to 
develop, and that the food reserve i s of considerable 
importaince i n a s s i s t i n g the s u r v i v a l and a c t i v i t y of the 
c h i c k i n i t s f i r s t post-hatching days, ^ h i c k s from large 
eggs w i l l have a greater food r e s e r v e , and therefore stand 
more cheince of s u r v i v a l during t h i s period than c h i c k s from 
s m a l l e r eggs. 
V a r i a t i o n i n l i p i d r e s e r v e s axe c l e a r l y relevaint 
to the s u r v i v a l of ch i c k s from eggs of d i f f e r i n g s i z e s , sind 
i t would seem a t f i r s t t h a t the chick from the smsuLl c-egg 
i s an obvious exajnple of t h i s r e l a t i o n s h i p . However, i t 
i s not so strai g h t f o r w a r d , f o r although the c-egg i s smaller 
than the other two, i t contains n e a r l y as much yolk as the 
a-egg (see e a r l i e r ) . Furthermore, the yolk l i p i d contents 
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are more or l e s s the same f o r a l l eggs (Table 32) and yet 
the c-chick s t i l l hatches s i g n i f i c a n t l y smaller than i t s 
s i b l i n g s , 
A l i p i d a n a l y s i s was c a r r i e d out on f i v e broods 
taken as each c h i c k hatched (Table 45), The b-chick contained 
the most l i p i d , as expected from i t s yolk l i p i d content, but 
the a-egg had the l e a s t r e s e r v e s . I t i s possible that the 
a- c h i c k i s more advanced on hatching, and has used up more 
of i t s o r i g i n a l yolk s t o r e s . This could occur i f s o c i s i l 
f a c i l i t a t i o n causes the premature hatching of the c, and 
perhaps the b c h i c k s . Synchronised hatching i n the Bobwhite 
Q u a i l i s produced by the a c c e l e r a t i o n of embryo development 
through auditory contact with more advanced members of the 
c l u t c h (Vince 1964), I t has already been mentioned that 
the i n i t i a l time d i f f e r e n c e between the development of the 
b and c eggs i s reduced by h a l f on hatching, which could be 
explained by premature chipping of the c-egg. I n an attempt 
to v e r i f y t h i s supposition, the yolk l i p i d weight was 
estimated from the meein egg volumes, and the probable 
percentages of l i p i d r e s e r v e s that remained on hatching 
were c a l c u l a t e d (Table 4 5 ) , The r e s u l t i n d i c a t e d that more 
of the a-egg yolk had been consimed before hatching and 
during the 48 hours a f t e r hatching there w i l l be f u r t h e r 
r e d u c t i o n i n these r e s e r v e s . 
When f i v e broods were taken on the day that the 
c - c h i c k hatched, the a-chick was heavier than the b-chick 
even though i t had hatched from a smaller egg (Table 4 5 ) . 
Meanwhile, the l i p i d was being p r o g r e s s i v e l y consiimed. 
107 
<i> 
u a 
<i> 
CO 
t>o 
•3 
si 
o 
-p a 
si 
t j 
(0 
M 
o 
•H 
Si 
o 
«H 
O 
+> 
o 
•p 
d 
o 
o 
t J 
•H P< 
•H 
H 
<t> 
H 
H 
O 
to 
-P 
^ 
•H 
0) 
S 
l A 
4> 
H 
Si €6 EH 
T3 
0) 
o 
•p 
03 
Si 
M o 
o 
«> 
si 
•p 
-p . 
(d 
si 
•p 
O 
Si 
-p 
o 
•H 
bO 
o 
-p as 
Si 
o 
I us M 
u bo a o 
P I Si 
<H -P O 
T( O «H 4) 0) tlO 
•P © H £1 
•ri -P -H O 
-P fl ft-P 
(0 0) -H cd 
M O H ^ 
x» 
H 
O 
•H 
<H 
<u 
+> 
fl 
•H 
bO 
fl 
W 
o 
•H 
U 
•rl 
•H 
•H 
bO 
d -p 
•H 
o 
to 
H O 
<1> O U s > 
bO «> 
l A OJ 1 
(A 
vo 
rA 
• 
OJ 
CN 
LA • 
OJ 
H 
H 
00 
. 
rA 
vo 
00 
IN 
H 
OO 
l A 
M 
o 
•H 
^1 
o 
I 
Id 
00 . 
CM 
VO 
OJ 
rA 
O o . vo 
VO 
CO 
l A • 
OJ 
00 
l A 
u 
o 
fl o 
+> 60 
M si o o 
•H -P 
si cd 
o Si 
^ fl 
•H O 
CO 
ON 
. 
H 
H 
vo 
fA 
. 
CO 
l A 
ON 
l A 
M o 
•H 
St 
o 
I 
o 
ON 
ON 
rA 
O 
l A 
H 
H 
rA 
H 
IN 
VO 
H 
. 
IN 
l A 
O 
•H 
Si 
o 
I at 
OO 
H 
. 
OJ 
vo 
ON 
. 
H 
H 
00 
. 
ON 
VO 
VO 
l A 
. 
ON 
M o 
u 
fl 
•p M o ID H 
M Si o o 
•H I t J 
^ o © 
o si 
fl o 
•H ^ (d 
OJ 
l A 
00 
ON 
ON 
• 
l A 
l A 
CO 
00 . 
H 
IN 
l A l A 
o 
•ri 
Si 
o 
i 
o 
-p 
S 
<H 
O 
VD 
rvj 
O 
rA 
tA 
rA 
CO 
l A 
5 
60 
fl 
•H 
>» t3 
10 
M o 
•H 
si o 
•A 
•H 
•H 
X) 
H 
O 
•H 
CH 
(0 
Si +> 
fl 
•H 
lo8 
The r e s o u r c e s of the yolk sac are drawn on mainly during and 
j u s t a f t e r hatching, when the expenditure of energy i s enormous 
(Kear I 9 6 5 ) . Very young c h i c k s found dead i n the f i e l d were 
euialysed, to f i n d out whether death had been coincident with 
exhaustion of energy r e s e r v e s , Marcstrom (I966) has shown 
that Mallard Ducklings which had starved to death s t i l l contained 
a b a s i c l i p i d content. This was 10,6 per cent of the dry weight 
of the ducklings. S i m i l a r l y , these Herring G u l l c h i c k s , although 
i n a s t a t e of emaciation, contained l i p i d s representing 12.6 per 
cent of the dry body weight (Table 45) . Nevertheless, there 
had been an estimated l o s s of 50 per cent of the l i p i d s between 
hatching and death. 
To summarise, these r e s u l t s show f i r s t l y that egg s i z e 
and c h i c k m o r t a l i t y are c o r r e l a t e d , and secondly that much of 
t h i s r e l a t i o n s h i p i s a r e s u l t of varying l i p i d r e s e r v e s . 
However, although the importance of these l i p i d s i s undeniable, 
other f a c t o r s must be involved to explain the r e l a t i v e smallness 
of the c - c h i c k . The m o r t a l i t y t h i s chick s u f f e r s i s due p a r t l y 
to egg s i z e , and a l s o to the sequence of hatching. The 
behavioural mechanisms involved i n the change-over from 
in c u b a t i o n to parenthood are obviously of ultimate importance 
to the s u r v i v a l of the c h i c k s . Even though there i s an 
abundance of food a v a i l a b l e to the adu l t s during t h i s period, 
the major cause of c h i c k m o r t a l i t y i s probably exposure 
( H a r r i s 8e Plumb I965) and s t a r v a t i o n due to l a c k of pa r e n t a l 
c a r e . I t would a l s o appear that the Herring G u l l has considerable 
d i f f i c u l t y i n forming a f u r t h e r parent-chick bond when there are 
alr e a d y two e a r l i e r hatched c h i c k s i n the n e s t . 
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I n p o u l t r y , a r e l a t i o n s h i p between egg s i z e emd 
subsequent chic k m o r t a l i t y would be of economic importeince, 
s i n c e p u l l e t s l a y a high proportion of small eggs (Romanoff & 
Romsinoff 1949), However, silthough small chickens axe l e s s 
able to withstsmd rough transport and unfavourable temperature 
c o n d i t i o n s than l a r g e r c h i c k s (Skoglund et a l 1952), various 
s t u d i e s have f a i l e d to detect a d i f f e r e n c e i n s u r v i v a l according 
to egg s i z e (Skoglund & Tomhave 1949, Wiley 1950, T i n d e l l 8e 
Morris 1964, Morris e t a l 1968), I t i s suggested that the 
d i f f e r e n c e i n yolk content between the n i d i c u l o u s Herring G u l l 
and the nidifugous fowl, combined with the higher m o r t a l i t y 
apparent i n a n a t u r a l and therefor© more severe environment, 
produces a marked c o r r e l a t i o n between 9gg s i z e and ohlok 
m o r t a l i t y h i t h e r t o absent i n s t u d i e s on pou l t r y . 
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SECTION SEVEN 
CLUTCH SIZE AND HATCHING SUCCESS 
7.1 I n t r o d u c t i o n 
I t i s g e n e r a l l y accepted that breeding seasons are 
so timed that o f f s p r i n g are reared during a period of maximum 
food a v a i l a b i l i t y . Furthermore, Lack (1954) argues that 
c l u t c h s i z e i s adapted to correspond with the l a r g e s t number 
of young the parents can s u c c e s s f u l l y r a i s e . However, the 
more r e c e n t a c t i v i t i e s of mam appear to have a l t e r e d the s t a b i l i t y 
of mamy sea - b i r d populations. I n p a r t i c u l a r , the Herring G u l l i s 
now able to take advantage of a l e s s seasonal, aind more abundant, 
source of food, Vermeer (I963) showed that the Glaucous-winged 
G u l l i s capable of r e a r i n g broods of four to s i x young, even 
though the brood patches l i m i t the c l u t c h s i z e to three eggs. 
Similar, r e s u l t s were obtained f o r the L e s s e r Black-backed G u l l , 
but not f o r the Herring G u l l ( H a r r i s & Plumb I965). I t was 
a l s o shown by experiments i n g u l l s f o s t e r i n g c h i c k s of other 
s p e c i e s t h a t a d u l t g u l l s can supply enough food for the c h i c k s 
to grow as q u i c k l y as p o s s i b l e ( H a r r i s 1964), 
To detect whether breeding of the I s l e of May Herring 
G u l l s i s l e s s dependent on the season, breeding was delayed by 
egg removal andi the subsequent l a y i n g , hatching suad fledging 
s u c c e s s recorded. 
Delayed breeding 
G u l l ' s eggs are commonly removed on the Farne I s l a n d s 
(Northumberland) for human consumption. This p r a c t i c e continues 
u n t i l the beginning of J u l y , and yet repeat l a y i n g s occur 
I l l 
throughout t h i s month. Accordingly, i t was hoped i n I967 to 
p r o g r e s s i v e l y delay the incubation period u n t i l J u l y on the 
I s l e of May, 
Nests were staked i n three c o n t r o l areas, and f i v e 
delayed a r e a s , each containing a t l e a s t 50O n e s t s . I n one of 
the delayed a r e a s , c l u t c h e s were continuously removed both i n 
1967 and i n subsequent years, so that no hatching took pla c e . 
I n the remaining four areas, robbing was ceased p r o g r e s s i v e l y 
through the season, eind abruptly i n mid-June when repeat l a y i n g 
became unexpectedly infrequent (Table 4 6 ) , Although the 
Herring G u l l i s often capable of producing s e v e r a l eggs, as 
shown by protracted l a y i n g s , i t appears that the nes t i n g and 
l a y i n g behaviour diminishes l a t e r i n the season, and commonly 
only one repeat c l u t c h i s l a i d (see a l s o Section 5 ) , 
I n 1968 the study areas were r e s t r i c t e d to a control 
of 903 n e s t s , and a delayed area with a f i n a l t o t a l of 358 n e s t s . 
Again, a l l eggs were removed from Whaup, 
Relaying r e q u i r e s a r e p e t i t i o n of the behavioural 
a c t i v i t i e s which precede the completion of a c l u t c h . Usually 
t h i s c l u t c h i s l a i d i n the o r i g i n a l , but often renovated, n e s t . 
However, i f t h i s n e s t were a l s o removed, the n e c e s s i t y to b u i l d 
ecaev might create an a d d i t i o n a l s t r a i n on the a d u l t s . As such, 
the removal of n e s t s , as w e l l as eggs, may be a more e f f i c i e n t 
method of c o n t r o l than merely egg robbing. This was i n v e s t i g a t e d 
by s e p a r a t i n g the I968 delayed area i n t o two s e c t i o n s . Both 
were robbed on the saime days, but nes t s were only removed i n 
one a r e a . I n the l a t t e r , Sk repeat c l u t c h e s were l a i d a f t e r 
6 June, following the d e s t r u c t i o n of 258 n e s t s with eggs. 
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Table 46, Control and experimental areas under study 
Area 
1267 
S, Rona 
N. Ness 
B u r r i a n (2) 
E. Tarbet 
B u r r i a n ( 1 ) 
B u r r i a n (3) 
N. Rona 
Whaup 
1968 
N, Ness 
E. Tarbet ( a ) 
E. Tarbet (b) 
Whaup 
No.nests 
1092 
677 
570 
507 
No,eggs Mean hatching 
Robbing ceased removed date 
Control 
Control 
Control 
26 May 
8 June 
9 June 
15 June 
419 
1268 
1776 
2089 
continuous robbing 2448 
( l a s t egg l a i d 6 J u l y ) 
903 
251 ( f i n a l ) 
107 ( f i n a l ) 
Control 
29 May 
29 May 
1069 
627 
17 June 
17 June 
17 June 
20 June 
25 June 
2 J u l y 
25 June 
l6 June 
8 J u l y 
8 J u l y 
continuous robbing • 
( l a s t egg l a i d l4 J u l y ) 
The percentage r e - l a y i n g was therefore 35«3 per cent compared 
with 50,0 per cent (195 n e s t s ) i n the l e s s disturbed area. 
The d i f f e r e n c e i s s i g n i f i c a n t (p<0.01), and i n d i c a t e s the 
a d d i t i o n a l s t r e s s e s involved i n r e b u i l d i n g n e s t s . Observ-
a t i o n s of colour-ringed i n d i v i d u a l s showed that the r e s u l t was 
due to an i n a b i l i t y to r e - l a y , r a t h e r than to an emigration 
from the area. 
Continuous removal of eggs from Whaup had a marked 
e f f e c t on the a d u l t s . Photographs taken through the season 
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showed a progressive decrease i n the number of g u l l s r e s i d e n t 
i n the area (Table 47 ) , Also t h e i r behaviour to human 
disturbance changed, so that i n e a r l y J u l y the near presence 
of a human would c l e a r the e n t i r e area of g u l l s . However, 
any long term e f f e c t of robbing was not obvious, for there 
was no di s c e r n a b l e d i f f e r e n c e i n e i t h e r the density or l a y i n g 
period i n the two subsequent years (Appendix V I I I ) , 
Table 47, The decrease i n numbers of adult g u l l s r e s i d e n t 
on Whaup through the season 
Herring G u l l L e s s e r Black^backed G u l l 
date No,adults % decrease No,adults % decrease 
20 May 522 - 48 -
23 May 512 2% 39 199^  
27 May 4l9 20% 24 50?S 
10 June 321 39% 24 505^  
7,2 Clutch s i z e sind seasonal v a r i a t i o n 
Although a seasonal d e c l i n e i n c l u t c h s i z e has been 
recorded for the Kittiwake (Coulson & White 1958a), opinions 
d i f f e r i n s t u d i e s on the Herring G u l l . Paynter (1949) and 
H a r r i s (1969) found no seasonal change i n c l u t c h s i z e , whereas 
Brown ( I96?) demonstrated a decrease from 2,77 to 2.40 eggs 
per n e s t between e a r l y and l a t e May, 
I t was shown i n the Kittiwake that the d i f f e r e n c e 
was not s o l e l y the r e s u l t of older b i r d s breeding e a r l i e r and 
l a y i n g more eggs. The time of l a y i n g a l s o influenced the 
c l u t c h s i z e (Coulson & White I961) , I t was hoped that 
11^ 
delaying the breeding season of the older Herring Gulls would 
i l l u s t r a t e the r e l a t i v e importance of e i t h e r age or season 
on c l u t c h s i z e . 
The mean c l u t c h size i n the c o n t r o l areas, excluding 
repeat clutches, was 2,73 - O.OI8 (1 s t , e r r o r ) eggs. I t was 
s i m i l a r to t h a t reported by H a r r i s (1964) from Skomer (2,76 * 
0,037), but s i g n i f i c a n t l y d i f f e r e n t from the clutches on 
Walney (2,^6 - O.O35, p<0.01, Broivn 196?) and Graesholm 
(2,91 - 0.022, p< 0.001, Paludan 1951). However, t h i s may 
r e f l e c t the amount of disturbance during the l a y i n g period, 
and the r e g u l a r i t y of v i s i t i n g nests more than an actual 
geographical d i f f e r e n c e i n c l u t c h s i z e . 
The three brood patches play an important r o l e 
i n l i m i t i n g the c l u t c h size to three eggs, despite a w e l l 
developed f o u r t h f o l l i c l e . Rice & Kenyon (I962) added an 
e x t r a egg to albatross clutches, but found the albatrosses 
unable t o incubate both eggs. Oversize clutches of four 
and f i v e Herring G u l l eggs were set up, but a l l showed a 
poorer hatching success than the c o n t r o l s ( p ^ 0,001), 
Of the 78 clutches, only 37 per cent of the eggs hatched, 
compared w i t h 65 per cent i n normal clutches. Even 
discoun t i n g the a d d i t i o n a l eggs, the hatching success of 
52 per cent was s t i l l low (p(0,01). I n other words, 
the a d u l t s were unable to successfully incubate more than 
the normal number of eggs, euid the confusion caused by the 
a d d i t i o n a l eggs even made t h i s task more d i f f i c u l t . 
I n the c o n t r o l areas, the c l u t c h size vsuried l i t t l e 
u n t i l l a t e May, when a s i g n i f i c a n t and continued decrease 
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occurred (Fig.23), even though r e - l a y i n g s were excluded from 
the a n a l y s i s . Furthermore, the decrease was maintained i n 
the delayed areas when repeat clutches were l a i d (also Fig,23), 
I f H e r r i n g Gulls behave l i k e K i t t i w a k e s , and show the same eige 
d i f f e r e n c e s i n the time of breeding, then the e f f e c t s on c l u t c h 
size are l e s s obvious. The older a d u l t s , r e - l a y i n g at the 
same time as the l a t e l a y i n g younger b i r d s , do not on average 
l a y a l a r g e r number of eggs. Instead, the time of l a y i n g 
seems to be of prime importance i n determining the c l u t c h s i z e . 
Egg volume, as w e l l as c l u t c h s i z e , decreases through 
the season so t h a t the t o t a l decline i n c l u t c h volume may be 
considerable. Clutch volume can be represented by the product 
of mean c l u t c h size and mean egg volume f o r a p a r t i c u l a r time 
p e r i o d . Between the f i r s t week i n May and the second week i n 
June, t h i s decreased by 32 per cent, from 2l6cc to 1^7cc. 
Coulson et a l (1969) calculated a 10-11 per cent decrease 
i n the egg volime of the Shag, compared w i t h 4,5 per cent 
i n the K i t t i w a k e (Coulson I963) and 5 per cent i n the Herring 
G u l l ( t h i s s t u d y ) . However, the seasonal decline i n the 
c l u t c h size of the K i t t i w a k e was f a r greater than that i n 
the Shag, I t was therefore suggested t h a t "an explanation 
f o r the r e l a t i v e l y smauLl decline i n the egg volume of the 
K i t t i w a k e i s probably t h a t the decline i n c l u t c h size frees 
more m a t e r i a l to compensate egg volume." A s i m i l a r argument 
could be voiced f o r the Herring G u l l . 
I t i s d i f f i c u l t to f i n d a reason f o r a shortage i n 
m a t e r i a l s necessary f o r egg production during l a t e l a y i n g . 
At t h i s time i n the season young are being f e d , and there 
Figure 23 
V 
V a r i a t i o n i n mean cl u t c h - s i z e (-2 standard e r r o r s ) through 
the 1968 season i n the c o n t r o l (North Ness) and delayed 
(E. Tarbet) areas. Mean cl u t c h - s i z e during I967 also 
shown (open c i r c l e s ) 
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i s no evidence of a decline i n the food supply. Environ-
mental f a c t o r s appear to be favourable aind so a more i n t r i n s i c 
mechanism must be in v o l v e d . Coulson et a l (I969) showed 
t h a t the i n t e r v a l betv;een ne s t i n g and l a y i n g i s corre l a t e d 
w i t h the c l u t c h volume i n the Shag, and suggested th a t l a t e 
l a y i n g b i r d s have i n s u f f i c i e n t time f o r the maximum development 
and f u n c t i o n i n g of the reproductive system. The preparatory 
p e r i o d p r i o r to r e - l a y i n g i s f a r shorter than the i n t e r v a l 
between nest b u i l d i n g and normal l a y i n g , and probably accounts 
f o r the lowering of c l u t c h s i z e , 
7.3 Hatching success - v a r i a t i o n w i t h c l u t c h size 
I n the North Ness c o n t r o l area (1968) a t o t a l of 
1722 chicks hatched from 2^3 eggs, w i t h a hatching success 
of 69.9 per cent. This compares w i t h a hatching success of 
6k,3 per cent c a l c u l a t e d f o r the 1967 c o n t r o l areas. These 
are s i m i l a r t o the f i g u r e s recorded by Harr i s (1964) f o r 
Skomer (6^,1%), and by Brown (I967) f o r Walney (66.6?^), 
Several studies have shown a greater hatching success from 
clutches of three eggs than from smaller clutches (Paynter 
1949, H a r r i s 1964, Brown I967) , although Kadlec 8e Drury (I968) 
found no such d i f f e r e n c e (Table 48) , I t was suggested t h a t 
sjnall clutches are l a i d by young, "careless", and inexperienced 
b i r d s . A m a j o r i t y of the smaller clutches are le i i d l a t e r i n 
the season, and probably by younger b i r d s , but none of the 
studies excluded the seasonal and age e f f e c t i n t h e i r analyses. 
The o v e r a l l hatching success on the I s l e of May showed the 
same s i g n i f i c a n t d i f f e r e n c e s between clutches (p< 0,001, Table 48), 
Table 48, The in f l u e n c e of c l u t c h size on hatching success. 
Number of nests studied given i n brackets. 
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Paynter (19^9) 
H a r r i s (1964) 
Brown (196?) 
Kadlec & Drury (I968) 
This study : 
i ) c o n t r o l area 
i i ) delayed area 
Per cent hatching success 
c /3 
80?^  
(5^) 
67^ 
(180) 
72?^  
(88) 
779^  
(591) 
1% 
(695) 
75% 
(122) 
c /2 
56% 
(39) 
50% 
(27) 
729^  
(98) 
54?^ " 
c /1 
299^  
(7) 
09^  
(13) 
505^  
(170) 
639^  
(182) 
(52) 
18% 
(38) 
349^  
(61) 
but i t was also possible t o compare clutches t h a t were l a i d 
a t the same time i n the season (Table 49) , Throughout the 
season, the combined clutches of one and two eggs produced 
fewer chicks per egg than d i d the clutches of three eggs. 
I t t h e r e f o r e appears th a t i r r e s p e c t i v e of the time of l a y i n g , 
a b i r d l a y i n g l e s s them three eggs w i l l c o n s i s t e n t l y hatch 
a smaller percentage of eggs. Furthermore, t h i s e f f e c t i s 
as l i k e l y to be an inherent f a u l t of the i n d i v i d u a l , as the 
inexperienced carelessness of a young b i r d , and i n both 
cases i t may be an i l l u s t r a t i o n of the e f f e c t s of a low 
reproductive d r i v e . 
11§ 
Brown (I967) and Beer (I96I) showed, i n the Herring 
G u l l and Black-headed Gul l r e s p e c t i v e l y , t h a t more s e t t l i n g 
movements are performed when incubating smaller clutches, 
and suggested t h a t these clutches presented inadequate s t i m u l i 
to the b i r d . This conclusion i s not v e r i f i e d by the above 
r e s u l t s , f o r when repeat l a y i n g r e s u l t s i n clutches of one and 
two eggs, the subsequent hatching success i s s i g n i f i c a n t l y 
higher than i n normal l a y i n g (c/2 639^  : 5^ 9^ ; c/1 335^  s 1895 
p^0,02)'. On the other hand, there i s no s i g n i f i c a n t 
d i f f e r e n c e between the hatching success o f normal £ind repeat 
clutches of three eggs. I f the dif f e r e n c e was due to 
inadequate s t i m u l a t i o n , then the f a t e of both normal and 
repeat small clutches should be the same. Conversely, i f . 
the d i f f e r e n c e was a r e s u l t of an inherent lower reproductive 
d r i v e , t h e n those b i r d s t h a t l a i d a c l u t c h of three eggs, and 
l a t e r a repeat c l u t c h of two eggs, would not be expected to 
show the same hatching success as t h e i r "careless" neighbours. 
Seasonal v a r i a t i o n i n hatching success 
i ) c o n t r o l areas 
A common form of egg loss i s predation by 
neighbouring g u l l s , and the los s i s heaviest during the 
waxing smd waning of parental attentiveness (Drent I967). 
This i s e s p e c i a l l y obvious during the f i r s t week of incubation. 
To evaluate whether human disturbance increases egg predation, 
two areas of l40 nests were selected. One was v i s i t e d two 
times each day during incubation, and the other only once 
every two days, A s i m i l a r hatching success from both 
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areas (62% : 63% r e s p e c t i v e l y ) i n d i c a t e d t h a t t h i s form of 
disturbance had l i t t l e e f f e c t . A slow walk through the 
n e s t i n g colony causes very few b i r d s to leave t h e i r nests. 
Patterson {I963) found a s i g n i f i c a n t c o r r e l a t i o n 
between breeding success and the degree of nest synchronisation, 
so t h a t Black-headed Gulls l a y i n g at the peak of the season 
were more successful than e a r l y or l a t e l a y e r s . A s i m i l a r 
t r e n d , though not s i g n i f i c a n t , was noted by Brown (I967) 
when comparing hatching success and l a y i n g date i n the 
Herring G u l l , but H a r r i s (1964) concluded t h a t hatching 
success increased as the season progressed. 
I n the c o n t r o l area of t h i s study, eggs th a t were 
l a i d during the peak l a y i n g period ( i . e . 16-20 May) were the 
most successful (77.9%). Both e a r l y ( l a i d before 8 May) 
and l a t e eggs ( l a i d a f t e r 24 May) had a s i g n i f i c a n t l y lower 
hatching success than t h i s middle group (p ( 0.001, Table 49) , 
The low c l u t c h size and hatching success of eggs l a i d between 
12-16 May can be explsiined by the weather conditions. Meteor-
o l o g i c a l records showed a period of continuous euid heavy 
r a i n from 13 to I 6 May, w i t h force 4 to 6 S.E. winds. 
Nests t h a t are not f u l l y incubated are often sweunped by 
such co n d i t i o n s , and the eggs may be c h i l l e d or destroyed. 
The f a c t t h a t eggs l a i d during t h i s period had the highest 
percentage of addled eggs (Table 49) adds weight to the 
theory t h a t the eggs may have been c h i l l e d , "Addled" i n 
t h i s context r e f e r s to those eggs t h a t remained unhatched 
i n the nest, and which d i d not contain a developed, but dead, 
chick . 
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There i s a trend f o r an increase i n the nxuaber of 
addled eggs i n e a r l y and l a t e nests (Table 49), though 
they do not account f o r the seasonal v a r i a b i l i t y i n hatching 
success to any marked extent. I f these eggs are not included 
as egg l o s s , then the shape of the r e - p l o t t e d hatching success 
curve (Fig,24) i s not r a d i c a l l y a l t e r e d , though the abnormally 
low f i g u r e f o r the 12-16 May i s no longer apparent. 
I t i s possible t h a t t h i s seasonsQ. difference i n 
hatching success i s due to youngfemales breeding l a t e r , and 
experiencing the lower breeding success th a t Coulson & White 
(1958b) noted i n the K i t t i w a k e , although i t would not explain 
the poorer success of e a r l y breeders. However, i f t h i s were 
so, then the clutches of two eggs l a i d l a t e r i n the season, 
euid probably by these young b i r d s , should show the major p a r t 
of t h i s reduced hatching success. Instead, the r e s u l t s 
shown i n Fig,25 i l l u s t r a t e t h a t the clutches of three eggs 
c o n t r i b u t e to the l a t e seasonal e f f e c t , whereas the hatching 
success of l a t e l a i d two egg clutches i s less v a r i a b l e . 
I t appears, t h e r e f o r e , t h a t the age differences 
are probably of l i t t l e importance i n determining the o v e r a l l 
p a t t e r n of hatching success. The a l t e r n a t i v e causes may be 
the r e l a t i o n s h i p between predation and synchronised l a y i n g , 
and the d i r e c t e f f e c t s of the season. Weather, or perhaps 
reduced f e r t i l i t y , could conceivably a l t e r w i t h time and 
should both be msmifest by an increasing percentage of 
addled eggs. However, when such eggs are not included 
i n egg l o s s , the d i f f e r e n c e between the hatching success 
of the middle group and the ear l y and l a t e l a y e r s i s s t i l l 
Figure 24 
The percentage hatching success (chicks per egg) according 
t o date of l a y i n g i n the c o n t r o l and delayed areas (1968) 
i n c l u d i n g addled eggs (continuous l i n e ) emd discounting 
addled eggs (dotted l i n e ) 
2 
Figure 25 
Comparing the percentage hatching success (chicks per egg) 
according to date of l a y i n g i n the c o n t r o l and delayed areas 
(1968) f o r c/3 and c/2. Numbers r e f e r t o number of nests 
under study 
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Figure 26 
Histograms showing the percentage frequency of hatching during 
1967, comparing the c o n t r o l area w i t h various experimentally 
delayed areas. Mean date of hatching given by dotted l i n e 
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Figure 27 
Histograms showing the percentage frequency of laying and 
hatching i n the control (shaded) and delayed (unshaded) 
areas during 1968 
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s i g n i f i c a n t (p<0.01 and p<0.001 respectivelyX Consequently, 
predation would seem to be the most l i k e l y alternative, and 
one which could be v e r i f i e d by examining the hatching success 
of delayed breeders. 
i i ) Delayed breeding 
The effect of egg removal and re-laying on 
hatching date i s i l l u s t r a t e d by the frequency d i s t r i b u t i o n 
of hatching dates i n the control and delayed areas for 
1967 and 1968 (Figs. 26 and 27). The overall breeding 
season was extended to cover a period of 7-10 weeks, 
instead of 4-5 weeks. 
I f the decreased hatching success of the late 
l a i d clutches was seasonal, then the delayed clutches should 
show an exaggeration of this e f f e c t . Instead, the delayed 
areas behaved l i k e the controls, but shifted nearly one 
month l a t e r i n the season (Figs, 2k and 25)• For example, 
there was the characteristic peak of hatching success, with 
less successful clutches l a i d e a r l i e r (not significant) and 
l a t e r (p<0.05) i n the already delayed season (also Appendix IX), 
At a time when the hatching success of normal clutches i s 
decreasing, the delayed clutches axe aore successful (p<0,01), 
and do not show the extrapolation that would be expected 
with a seasonal e f f e c t . 
Nest synchronisation can be expressed as the 
percentage of eggs l a i d i n a given foxir day period. The 
correlation between t h i s , and the subsequent hatching success 
of these eggs was highly significant (p< 0,001, Fig.28)';' 
I t would seem, thereford"^ , * that irrespective of the time 
' •- J 1771 1 
•-- • ..V y 
Figure 28 
The relationship between nest synchronisation and 
percentage hatching success. 
Egg laying i n the control areas occurs from late 
y ^ r i l to early June. The synchronisation of nesting 
i s given as the number of nests i n which a-eggs are laid i n 
successive four day periods from 28 April to 1 June 1968. 
The numbers of nests i n each period are shown on the graph, 
but are expressed on the abscissa as a percentage of the 
t o t a l number of nests, and plotted against the subsequent 
hatching success of eggs laid i n each four d ^ period. 
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i n the season, i t i s the eggs that are l a i d when most laying 
occurs that aire the most l i k e l y to hatch. Late breeding 
does not appear to be a disadvantage providing that the 
delay applies to the group as a whole. However, there 
was selection against any deviation from the main peak 
of laying, which would tend to maintsuLn a synchronisation 
of nest timing. Whether t h i s EULSO applies to fledging 
success w i l l be discussed i n the following Section 8, 
Table Percentage ofi" addled eggs i n the control 
and delayed areas 
1967 1968 
No. l a i d No. per No. l a i d No', per 
addled cent addled cent 
Controls 807 6? 8,3% 2^70 2^ 7 10.0?^ 
Delayed 428 66 15 A% 772 112 Ik,5% 
and P 15.0 fKO.OOl 12.0J><0,001 
Addled eggs 
The percentage of addled eggs was si g n i f i c a n t l y 
greater i n the delayed areas than i n the controls, both 
i n 1967 and I968 (p< 0.001, Table 50). This may be due 
to poorer incubation, or to a breakdown i n pair behaviour 
l a t e r i n the season. The success of repeat clutches i s 
not only dependent on the a b i l i t y of the female to produce 
the eggs, but also on the male to f e r t i l i s e these eggs. 
Both male and female must also retain the drive to 
successfully incubate the eggs through to hatching, even 
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though t h i s may not occur u n t i l middle or la t e July, 
7.4 Nest d i s t r i b u t i o n ajid breeding success 
Although nests were shown to be distributed 
uniformly within the colony, there was considerable 
variat i o n i n nesting density. Neither Patterson (I965) 
nor Vermeer (I963) found einy correlation between nesting 
density and breeding success i n the Black-headed Gull and 
Glaucous-winged Gull respectively, though pairs breeding 
at the most common density were expected to be the most 
successful, This hypothesis was examined with the 
Herring Gull data, by grouping individual nests according 
to the number of neighbouring nests within a radius of 
15 feet. Admittedly, t h i s represents the f i n a l nesting 
density, and was based on a two dimensional plan of the 
colony. Late laying birds have been shown to nest around 
the perimeter of the colony, i n t y p i c a l l y less dense areas, 
and were also less successful breeders. To avoid any bias 
due to date and therefore density of laying, the anailysis 
was r e s t r i c t e d to birds laying within the short period of 
14-20 June (Table 51 ) . 
There was a trend, though not significant, for 
clutch size to increase with density, aind the hatching 
success was highest at the most common density ( i , e , 
4 to 5 nests within 15ft radius)(Fig.29 ) , I f the 0 and 
1, and 2 emd 3 densities are combined, the difference i n 
hatching success between them and the 4 and 5 density 
becomes significant (p<0.01). Similarly, the fledging 
success, and i n parti c u l a r the number of chicks per nest, 
shows that the very high and low densities are the least 
successful (Fig,29) . 
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Figure 29 
The relationship between nesting success and nesting density, 
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Predation i s an important cause of chick and egg loss 
(see Section 8), and several authors have discussed the probable 
anti-predator function of colonial nesting and synchronised 
laying i n sea-birds (Kruuk 1964, Patterson I965). I t was 
suggested that colonial nesting encourages and enhances the 
use of behavioural defence mechanisms, such as mass attack 
on predators. The main predator of both eggs and chicks on 
the I s l e of May i s the Herring Gull i t s e l f , and fortunately 
i t was possible to trace the nests from which chicks were 
cannibalised (see Section 8), I t seemed worthwhile 
investigating whether cannibals selected nests that were perhaps 
more isolated or i n less dense areas thain others. The number 
of nests within various r a d i i of each of the cannibsilised 
nests was calculated, and t h i s was compaired with similar 
data from a random seimple of nests. Nest site numbers for 
the l a t t e r were obtained from a table of random numbers. 
The results are shown i n Table 52, and i l l u s t r a t e 
that the cainnibals do prey on nests that are situated i n 
s i g n i f i c a n t l y less dense areas. This substantiates the 
poorer fledging success noted i n areas of low nesting density. 
The same lack of success i n dense areas i s probably the result 
of increased mortality due to t e r r i t o r i a l aggression, as 
opposed to cannibalism by adults. Coulson ( I 9 6 8 ) vrith. the 
Kittiwake, and Patterson ( I 9 6 5 ) with the Black-headed Gull, 
demonstrated a difference i n the breeding success of birds 
nesting i n the centre and on the edge of a colony. The 
better reproductive rate i n the centre of the Kittiwake 
colony was attributed to the quality of the male birds. 
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Table 52, Comparing the mean density of nests (N=7l) from 
which chicks v;ere cannibalised with that of a 
random sample of nests (N=80) selected from a 
table of random numbers (Fisher & Yates (I963), 
Density i s expressed as the number of nests within 
a particular radius of the individual nest 
Mean density ~ 1 standard error 
radius of ci r c l e - feet 
7,5 10,0 15,0 
"Cannibalised" nests 0,84 - O.O9 2,07 - 0,15 4,80 t o,21 
Random nest sample 1,12 * 0,09 2,74 i 0,l4 5,39 t o,20 
Probability <0,05 < 0,002 ^0,05 
Table 53. Comparing the breeding success of Herring Gulls 
nesting at the same time i n the centre and on 
the edge of the colony - North Ness 1968 
Edge Centre P, 
Density (nests 
within radius 
15ft) 4,50 t 0,25 5.80 i 0,36 p<0,01 
No.nests I6I 102 
No,eggs 428 285 
Clutch size 2,66 t o,o45 2,79 - 0,045 p^0,01 
Hatching success 71.3^ 70,3%' 
Chicks per egg I.89 - 0,87 1.97 - 0,107 NS 
Young fledged/ 
pair 0,76 i 0,069 0,80 - 0,089 NS 
Differences i n the breeding success of Herring Gulls nesting 
i n the centre and on the edge of North Ness might merely r e f l e c t 
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the age structure of the population, since late laying occurs 
most frequently around the perimeter. However, by comparing 
birds that l a i d within the same period, i t was hoped to fi n d 
out whether differences are present irrespective of the age 
or time of breeding of the adults. The degree of cover 
around the nest i s an important factor contributing to the 
success of breeding (Brown 1967), but the two areas under 
comparison were of the saine physical structure, and therefore 
cover was not expected to bias the r e s u l t . 
The results (Table 53) show an expected difference 
i n the nesting density of the two areas. Furthermore, 
there are s i g n i f i c a n t l y fewer eggs ledd per pair on the 
edge of the colony, even though eggs were l a i d at the same 
time i n both areas. This would indicate a difference i n 
the quality of the birds, although the breeding success 
does not substantiate t h i s conclusion. 
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SECTION EIGHT 
FLEDGING SUCCESS AND ASPECTS OF CHICK MORTALITY 
8,1 Introduction 
General 
The season has been shown to be important i n 
influencing the numbers and size of eggs l a i d by the 
Herring Gull, but i s r e l a t i v e l y i n s i g n i f i c a n t i n 
determining the numbers of eggs that hatch, ,To 
understand the success of t h i s species, i t was necessary 
to evaluate the fledging success, and the factors that 
contribute to the numbers of chicks f a i l i n g to fledge. 
In p a r t i c u l a r , the study was to determine whether the 
hatching date was important i n aiding the survival of 
chicks whilst on the island, and during the i r f i r s t 
winter months. To achieve these aims, a large scale 
ringing prograimme was carried out. Chicks were ringed 
on hatching to assess t h e i r immediate survivail during the 
pre-flodging period, and were also colour ringed at a l l 
ages on the island to followithe remaining pre-fledging 
mortality emd the survivsil during the post-fledging 
period. The l a t t e r was monitored by ringing recoveries 
and sightings of colour ringed g u l l s . 
Methods 
Unless chicks could ELII be ringed on hatching, 
some growth factor would have to be measured to ascertain 
the approximate hatching date of each chick. Wing length 
measurement i s a much easier task, and involves far less 
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disturbance to the chick than weighing. I t i s also more 
related to age than weight which fluctuates markedly i n 
young chicks with the presence of food i n the gizzgird. 
For example, using l8 chicks of the same known age, the 
standard deviation was 12 per cent of the mean weight, 
but only 5 per cent of the average wing length. Frequently 
a young but well fed chick was found to weigh more than an 
older and poorly fed chick of longer wing length. For 
these reasons wing lengths were used as an age parameter. 
From wing lengths of chicks of known age, a 
growth curve was plotted (Fig.30). The rate of growth 
i s a maximum from l6 to 28 days from hatching (wing length 
10-22cm), and i t i s during t h i s time that the age of the 
individual can be most accurately assessed. Using t h i s 
graph, the hatching dates of a l l chicks ringed were 
estimated. 
In the control and experimental areas, most of 
the chicks were ringed on hatching with the rings of 
insula t i n g tubing. For example, of the 1722 chicks 
hatching on North Ness i n 1968, l4l5 were ringed i n t h i s 
manner with the appropriate nest number written on the rin g . 
In another area, 786 chicks were ringed with the same tubing, 
but d i f f e r e n t colours were used according to the date of 
hatching. Later, eQ.1 these rings were replaced by the 
usual monel and darvic rings. However, for general ringing 
the extrapolation from the wing length graph was the only 
method of knowing the hatching date of the chicks. 
Figure 30 
Growth curve of Herring Gull chick wing length. Mean wing 
length i- 2 standard errors - dotted l i n e ^ according to 
the number of days after hatching 
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During the period 1966-68, a t o t a l of 14^36? 
Herring Gull p u l l i were ringed with the B.T.O. monel rings 
(Table ^k), The pre-fledging recovery of these rings gave 
estimates of chick mortality during the breeding season. 
To compare the post-fledging survival of chicks from 
d i f f e r e n t hatching dates, chicks were also colour ringed 
according to t h e i r estimated date of hatching (Appendix X). 
I n 1966, only two combinations of monel and red rings were 
used, to d i f f e r e n t i a t e between normal (3736 chicks) and 
la t e (6o4) chicks, hatching chicks. The following year, 
using yellow rings, various r i n g combinations denoted the 
^different areas from which the chicks hatched. So, for 
example, a l l the chicks from Burrian (3) had the same 
colour combination and represented a delayed mean hatching 
date of 2 July. 
I n 1968, each chick was aged on capture, and 
colour ringed according to i t s estimated date of hatching. 
Four colour combinations were used to divide the hatching 
period i n t o four groups : up to 9 June, 9-16 June, 
16-23 June, aft e r 23 June (Fig.3l). 
The control and experimenteuL areas were v i s i t e d 
regularly, and the deaths or disappearance of chicks noted. 
After fledging, a thorough search of the whole islemd was 
made for rings and dead chicks. In the study areas, i t 
was assumed that a l l chicks were ringed. • This was not 
necessarily correct, but the best estimatesof pre-fledging 
mortality were obtained by noting the numbers of chicks 
monel-ringed, and the number subsequently found dead. 
Some chicks inevitably avoided capture, resulting i n an 
Figure 31 
The four colour-ring combinations of Herring Gull p u l l i 
ringed i n 1968, showing the relationship with date of 
hatching. The percentage ringed of each of the four 
groups i s given according to the date of hatching 
o 
z 
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Table Monel ringing of Herring and Lesser Black-backed 
Gulls on the I s l e of May during 1966-68 breeding 
seasons 
Number of gulls 
Herring Gulls Lesser Black-
backed Gulls 
p u l l i adults p u l l i adults Total 
1966 ^,325 15 150 10 4,500 
1967 5,230 97 614 9 5,950 
1968 ^,812 Gk 14 1 4,891 
Total 14,367 176 778 20 15,3^1 
underestimate of breeding success. Conversely, there w i l l 
be dead ringed chicks which w i l l not be found, thereby 
causing an overestimation of survival. Various studies 
have based t h e i r pre-fledging survival figures on the 
regular re-capture of ringed chicks. Although th i s was 
attempted on the I s l e of May, the disturbance caused by 
the continuous re-capture of chicks seemed too severe to 
be worthwhile. Instead, only un-ringed chicks or chicks 
that held the insulating tube rings were captured sind 
monel ringed, 
8,2 Age and Mortality 
During the hatching period, the adults musit change 
behaviour from incubation to protection and feeding of. the 
young. This treinsition i s not always successful, and 
therefore a major part of pre-fledging mortality occurs 
i n the post-hatching days (Table 55). A t o t a l of 31•2 per 
cent of the chicks that hatched on North Ness (I968) died 
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within the f i r s t four days, and of the 1,113 chicks that 
died before fledging, 79^ or 71 per cent did so before 
they were ten days old. After t h i s period, the mortality 
i s f a i r l y constant, Paynter (1949), Paludan (1951), 
Brown (I967), and Kadlec et altL968, I969)) eill agree that 
most of the mortality occurs i n the f i r s t week of l i f e , 
but Harris (1964) suggested a constant mortaQ.ity rate 
which i s not substemtiated by these results. Harris's 
results were based on the ages of chicks that were found 
a f t e r death. In I967 and 1968, the wing lengths of a l l 
dead chicks were recorded, and a similar table of age at 
death produced. The results gave an abnormally low 
mortality i n the f i r s t ten days of l i f e (20 per cent 
compared with 46 per cent), because i t i s th i s age group 
that i s the most d i f f i c u l t to f i n d , amd, more important, 
the most commonly eaten by predators. 
8.3 Brood size etnd fledging success 
Although hatching success was shown to vary 
s i g n i f i c a n t l y with clutch size, no relationship was evident 
between fledging success and brood size (Table 56). This 
was i n agreement with Paynter's (1949) findings, but 
Brown (I967) concluded that "a chick i n a brood of three 
has a better chance of survival to ten days than has one 
i n a smaller brood, though there i s no such difference 
for Lesser Black-backed- Gulls." Unlike clutch size, 
brood size has l i t t l e or no effect on survival, although 
birds hatching larger broods ultimately rear more offspring 
(Table 56). 
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Table 56. Brood size and pre-fledging success 
No.chicks Total no. 
hatching 
per nest 
chicks 
hatching 
No. ; 
fledging . 
% 
fledging 
Chicks 
per pair 
3 1,080 381 35.39^ 1.06 
2 520 177 0.68 
1 124 51 41.1% 0.41 
8.4 Seasonal variation i n fledging success 
Brown (I967) and Kadlec et a l (I968) found that 
the most successful chicks were those hatched during the 
peak of the breeding season, rather than early or late 
hatched chicks. However, Harris (I969) showed an increase 
i n fledging success as the season progressed. This study 
on the I s l e of May approached the problem i n two ways. 
F i r s t l y , by a detailed aiialysis of the progress of chicks 
from hatching onwards and a comparison with delayed areas. 
Secondly, by general ringing'of chicks of a l l ages, which 
involved large numbersof chicks and less frequent v i s i t s . 
The results w i l l therefore be presented separately. 
In 1968, the fledging success from the North Ness 
control area showed a significaint vauriation with the season. 
Chicks from eggs l a i d early i n the season suffered a higher 
mortality (p< 0.01) than those l a i d i n the middle of the 
season (Table 57 and Fig.32a), and l a t e r hatching chicks 
were even more l i k e l y to die before fledging (p< 0,001), 
The niunbers of chicks fledged per psiir exaggerates t h i s 
e f f e c t ^ as i t also includes the similar seasonal variation 
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Figure 32 
Variation i n fledging success of chicks i n the control 
(continuous l i n e ) and delayed (dotted l i n e ) areas i n 
1968 according to date of laying : 
f 
(a) Percentage of chicks f l e d ^ n g (upper graph); 
with delayed area results expressed as t o t a l 
pre-fledging success (lower dotted l i n e ) sind 
also pre-fledging success excluding mortality 
due to exposure i n July rains (upper dotted l i n e ) . 
(b) chicks per pair - 2 standard errors (lower graph) 
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i n hatching success and c l u t c h s i z e (Fig.31b), However, -
the peak of f l e d g i n g success didnot coincide with the peak 
of the l a y i n g period, but was s i x days e a r l i e r i n the season. 
The fledging success i n the delayed areas did not 
accentuate t h i s seasoneil d e c l i n e . Instead, i t again 
appeared l i k e a c o n t r o l area but d i s p l a c e d i n the season 
(Table 58 and Fig,32), showing the same pattern that was 
demonstrated with hatching success. Therefore, when 
comparing the same time groups (eggs l a i d between 26 May 
and 2 June), the l a t e hatching c h i c k s from North Ness 
su f f e r e d a s i g n i f i c a n t l y higher m o r t a l i t y than the e a r l y 
hatching Tarbet c h i c k s (X^= 71.3, p< 0.001). In other 
words, the synchronisation of n e s t i n g was the most 
important f a c t o r i n determining the pre-fledging success. 
Nevertheless, the season did exert an e f f e c t i n t h i s year. 
From 1 to 4 J u l y , there were t o r r e n t i a l r a i n s 
and gale force winds, which were repeated l a t e r i n the 
month from 17 to I9 J u l y . Large numbers of l a t e hatching 
c h i c k s died of exposure i n these conditions throughout the 
i s l a n d . Chicks from 6 to 22 days of age suffered the 
most, s i n c e very young c h i c k s were protected by t h e i r 
parents, and those over three weeks of age seemed old 
enough to s u r v i v e (Table 55). This i s probably due 
to the development of a more p r o t e c t i v e feathering at 
that age. I f the l o s s e s that were incurred during these 
reiinstorms are discounted i n the ain a l y s i s , then the pre-
f l e d g i n g success resembles more c l o s e l y that of the control 
areas (Table 58 and Fig,32). The high m o r t a l i t y of chicks 
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hatching l a t e i n both the c o n t r o l and delayed areas 
g e n e r a l l y occured w i t h i n the f i r s t week of hatching. 
U s u a l l y the c h i c k s hatched, then q u i c k l y disappeared, 
and i t can only be assumed that most of them were eaten. 
Whether they died through l a c k of p a r e n t a l care and were 
subsequently eaten, or whether they were a c t u a l l y c a n n i b a l i s e d 
i s not f u l l y known and w i l l be discussed l a t e r . 
I t w i l l be remembered that i n I968, apart from the 
d e t a i l e d study i n the delayed area ( T a r b e t ) , various p a r t s 
of the i s l a n d were g e n e r a l l y delayed by the removal of 
seversil thousands of eggs. When the normal and repeat 
c l u t c h e s hatched, a t o t a l of 3»922 c h i c k s were ringed, 
t h e i r hatching date c a l c u l a t e d and t h e i r fledging success 
recorded. Taking these c h i c k s as a whole, there was again 
a s i g n i f i c e i n t v a r i a t i o n i n fledging success according to date 
of hatching (p<'0.01). Chicks hatching around 11 May were 
the most s u c c e s s f u l , and before and a f t e r t h i s date the pre-
fl e d g i n g m o r t a l i t y i n c r e a s e d (Fig.33). 
The e a r l i e r a chick i s ringed, the more chance 
there i s of recovering the r i n g before fledging. T h i s 
can be demonstrated by c a l c u l a t i n g the post-ringing 
mortsLLity of c h i c k s ringed a t d i f f e r e n t ages (Table 59), 
Chicks hatching at the seime time i n the season were used 
i n the a n a l y s i s , to avoid any b i a s due to hatching data. 
I t i s conceivable that the l a t e hatching c h i c k s were 
ringed at a younger age than those hatching e a r l i e r i n 
the season, and would therefore be expected to s u f f e r a 
higher p o s t - r i n g i n g m o r t a l i t y . I n f a c t t h i s was avoided 
Figure 33 
Variation i n percentage pre-fledging mortality according 
to date of hatching for a l l p u l l i ringed during 1968, 
Regression lines plotted of mortality of chicks hatching 
before and aft e r 11 June; open circles refer to the mean 
mortality over four-day hatching periods, and numbers of 
chicks ringed also presented on the graph. 
Ainviaoi/Nj ONioa3id-3ad % 
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Table 59, V a r i a t i o n i n post - r i n g i n g m o r t a l i t y with age 
of c h i c k a t r i n g i n g ( c h i c k s hatching between 
8 and 14 June) 
No.ringed 
No,died 
% mortality-
a f t e r r i n g i n g 
age of chick when ringed - days 
39 
0-10 11-17 18-24 25-31 32-38 onwards 
152 116 227 503 579 215 
35 25 46 94 75 17 
26.59^ 21.6?^ 20.3% 18.79^ 13.0% 7.9% 
by attempting to r i n g c h i c k s from each hatching group a t about 
the same age. Nevertheless, u n l e s s a l l c h i c k s were the same 
age when ringed, some c o r r e c t i o n to the a n a l y s i s must be made 
to allow for t h i s d i f f e r e n c e . 
The r i n g i n g and m o r t a l i t y data were re-assessed by 
grouping c h i c k s according to t h e i r age a t ri n g i n g , and as 
u s u a l according to t h e i r estimated hatching date. The r e s u l t s 
are given i n Table 60 and show the same v a r i a t i o n s of pre-
f l e d g i n g with hatching date. However, the d i f f e r e n c e s i n 
m o r t a l i t y are more obvious i n those c h i c k s that were ringed 
when quite young (up to 12 days o l d ) . 
S i m i l a r r e s u l t s were obtained f or the I967 season, 
when the c o n t r o l areas were compared with delayed colonies 
(Fig.34 and Appendix X I ) . The mean hatching date of the 
c o n t r o l areas was 17 June and on t h i s occasion the peak 
of f l e d g i n g succ e s s coincided with the peak of hatching. 
The Tarbet and Bu r r i a n ( l ) delayed n e s t s are combined i n 
the emalysis, having a mean hatching date of 23 June, 
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Figure 34 
V a r i a t i o n i n percentage pre-fledging m o r t a l i t y of c o n t r o l 
and experimental areas I967 according to date of hatching 
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and compared with a t h i r d group (Burrian 3) which was fu r t h e r 
delayed to hatch on average around 2 J u l y . The conclusion i s 
the same f o r a l l three groups, whether i t be the co n t r o l 
s i t u a t i o n , or e i t h e r of the delayed c o l o n i e s . Chicks hatching 
e a r l y or l a t e r e l a t i v e to the r e s t of the group or sub-colony, 
are more l i k e l y to die before fledging than those that hatch 
during the peak. 
8.5 Causes of c h i c k m o r t a l i t y 
Ceinnibalism and predation 
I n t r o d u c t i o n 
The Herring G u l l i s a notorious k i l l e r during the 
breeding season, and i t s a c t i v i t i e s have been w e l l recorded. 
Yo\xng c h i c k s are repeatedly s t r u c k on the head, often gripped 
by the neck, and worried u n t i l dead (Dutcher & B a i l y 1903, 
Ward 1906, Strong 1914). Chicks may be eaten (Paynter 1949), 
not only by s t r a n g e r s , but a l s o by t h e i r own parents (Moreau 1923, 
Goethe 1956). L a t e r i n the breeding season l a r g e c h i c k s may 
augment t h i s m o r t a l i t y by committing f r a t r i c i d e (Strong 1914). 
U s u a l l y , most c h i c k predation and egg l o s s i s 
a t t r i b u t e d to these forms of p r o l i c i d e and cannibalism 
(Paynter 1949, Paludan 1951, Brown I967, H a r r i s 1964), although 
other predators are a l s o known to cause considerable m o r t a l i t y . 
The most frequent offender i s the Greater Black-backed G u l l , 
which c o l l e c t s c h i c k s i n the down stage for food ( D a r l i n g I938, 
Gross 1945, Paynter 1949, H a r r i s 1964), However, Kadlec et a l 
(1968) concluded that t h i s s p e c i e s has l i t t l e o v e r a l l e f f e c t on 
the reproductive success of the Herring G u l l s , Other predators 
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have been i m p l i c a t e d , f o r example, the Heron ( D a r l i n g 1938) 
and the Great Skua ( F i s h e r & Lockley 1954), but on the I s l e 
of May only the Herring G u l l s and the L e s s e r Black-backed 
G u l l s were prominent i n t h i s r e s p e c t . The four p a i r s of 
Greater Black-backs were s i n g u l a r l y u n s u c c e s s f u l at breeding, 
a l l but one p a i r having u s u a l l y deserted t h e i r nest s i t e s 
before the main hatching p e r i o d . No other predatory b i r d s 
or msunmals l i v e d on the i s l a n d , except a pedr of Carrion Crows 
that were o c c a s i o n a l l y noted breaking eggs. 
As there are d i s t i n c t d i f f e r e n c e s between p r o l i c i d e 
and cannibalism, the explanations for t h e i r causes or motivation 
must be t r e a t e d s e p a r a t e l y . P r o l i c i d e i s u s u a l l y the r e s u l t of 
the t e r r i t o r i a l aggression of neighbouring g u l l s agsiinst t r e s -
p a s s i n g c h i c k s ( H e r r i c k 1909» Deusing 1939). Hoiifever, cannibalism 
i s l e s s easy to i n t e r p r e t , Kirkman (193?) believed that many 
deaths of the Black-headed G u l l are due to "unmated" rogue 
g u l l s which have acquired the h a b i t . S i m i l a r l y , Tinbergen (1953) 
suggested that t h r e e - and four-year-old sub-adult Herring G u l l s 
hanging suround the colony are a c t i v e predators. In t h i s study 
i t w i l l be shown that the most p r o l i f i c c h i c k eaters were g u l l s 
r e a r i n g quite normal broods of t h e i r own, and that i t was indeed 
a r e c u r r i n g h a b i t . 
The cause and r o l e of cannibailism have r e c e n t l y received 
some a t t e n t i o n i n the wider context of population r e g u l a t i o n . 
I t has g e n e r a l l y been argued that the a v a i l a b i l i t y of food 
l i m i t s the numbers of most b i r d s , but that t h i s i s achieved 
e i t h e r d i r e c t l y (Lack 1954, Southern 1959) or i n d i r e c t l y 
through behaviour mechanisms (Wynne-Edwards 1962), So, for 
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example, Paludan (1951) suggested that "an i n c r e a s i n g population 
probably g i v e s l e s s favourable feeding p o s s i b i l i t i e s and 
the r e f o r e an i n c r e a s e d cannibalism," T h i s would then cause 
a reduced growth of the population. tinder these circumstances, 
cannibalism merely e x p l o i t s an a d d i t i o n a l source of food, and 
i t s p r a c t i c e could have evolved by i n d i v i d u a l s e l e c t i o n favouring 
those a d u l t s able to make use of t h i s food supply ( a f t e r Ashmole 
1963). The opposing argument favoured group s e l e c t i o n as a 
mechanism for l i m i t i n g the population. Cannibeilism would then 
be on6' of a s e r i e s of density-dependent brakes applied to the 
r a t e of recruitment to a population (V/ynne-Edwards I962) . 
Brown (I967) noted that cannibalism was the main 
cause of ch i c k m o r t a l i t y on V/alney but, a t the same time, 
there was no evidence of a food shortage. This somewhat 
c o n f l i c t i n g evidence was explained by the general scavenging 
nature of g u l l s and the density of a v a i l a b l e food. As such, 
cannibalism was regarded as " c u i extension of the normal hunting 
of young shore-birds and ducklings." I n t h i s general r o l e as 
a predator a g u l l would c o l l e c t c h i c k s q u i c k l y from the colony 
more e a s i l y than undertake a long f l i g h t to another food source, 
even though t h i s other source were a v a i l a b l e . Cannibalism i s 
then attendant on a l a r g e , dense population which can be 
e f f i c i e n t l y e x p l o i t e d i n t h i s way. Even so, i t was considered 
a b u i l t - i n behavioural check on the i n c r e a s e of a la r g e g u l l 
population. 
Few observers who have v i s i t e d Herring G u l l colonies 
have f a i l e d to record i n s t a n c e s of cannibalism. Nevertheless, 
a q u a n t i t a t i v e study of t h i s h a b i t appears to have been neglected. 
144 
i t t h erefore seemed worthv/hile i n v e s t i g a t i n g such matters as 
the proportion of true cannibals among a d u l t s , the number of 
c h i c k s eaten, and the d i s t a n c e s flown i n c o l l e c t i n g them. 
An attempt to consider these matters w i l l be made before 
d i s c u s s i n g the r o l e of cannibalism on the I s l e of May. 
I t i s p o s s i b l e to divide p r o l i c i d e or cannibalism 
i n t o three main c a t e g o r i e s . F i r s t l y , there are c h i c k s that 
t r e s p a s s i n t o other t e r r i t o r i e s , and are k i l l e d . As already 
mentioned, the motivation i n t h i s case i s c l e a r l y t e r r i t o r i a l 
behaviour of the a d u l t . U s u a l l y the c h i c k l i e s dead and 
untouched except f o r the o r i g i n a l , f a t a l wounds around the 
head. However, some of these c h i c k s and others that have 
died of d i s e a s e or bad weather may subsequently be eaten by 
the murderous adult or by other g u l l s nearby. The motivation 
here i s merely the scavenging nature of g u l l s and t h i s w i l l be 
regarded as the second category. I t i s u s u a l l y d i s t i n c t from 
the t h i r d p o s s i b i l i t y , i n that the c h i c k s or t h e i r remains sire 
found i n the v i c i n i t y of t h e i r own nest s i t e . T h i r d l y , there 
are what I p r e f e r to c a l l the "true c a n n i b a l s . " These b i r d s 
l e a v e t h e i r own nest s i t e s p e c i f i c a l l y i n search of l i v e chicks 
as a food source (Plates6^re)«In t h i s respect they d i f f e r l i t t l e 
from the Greater Black-back or Great Skua predators except that 
they are l e s s l i k e l y to be harassed by t h e i r own s p e c i e s during 
t h e i r r a i d s . 
There i s , i n f a c t , one other form of i n t r a s p e c i f i c 
c h i c k m o r t a l i t y which w i l l be d e a l t with separately : namely, 
when a d u l t s eat t h e i r own o f f s p r i n g (kronism - a f t e r Schuz 1957), 
(a) 
* 
K 
PLATE 6 a, and b. Cannibalism. A cajinibal collecting 
a chick and being challenged by the parent. 
PLATES 6 c,d,and e. Cannibalism. Cannibal on i t s nest s i t e , 
k i l l i n g and eventually swallowing a chick. 
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or when c h i c k s eat t h e i r own s i b l i n g s ( f r a t r i c i d e ) . The study 
of a l l these forms of cannibalism was made po s s i b l e by r i n g i n g 
c h i c k s a t hatching with r i n g s of i n s u l a t i n g tubing. The nest 
s i t e number, eind brood number of the chick, were w r i t t e n on 
the r i n g s and were u s u a l l y l e g i b l e even when regurgitated by 
the c a n n i b a l , 
Kronism and f r a t r i c i d e 
Of a l l the forms of cannibalism, the k i l l i n g of 
o f f s p r i n g by parents would seem at f i r s t s i g h t to be the most 
unnatural, and yet i t i s not p a r t i c u l a r l y uncommon. This 
cause of i n f a n t i l e m o r t a l i t y i s t y p i c a l l y a s s o c i a t e d with 
p r o t r a c t e d l a y i n g , which e s t a b l i s h e s a n e s t l i n g h i e r a r c h y . 
For example, the White Stork hatches out a graded s e r i e s of 
young and freq u e n t l y the smaller n e s t l i n g s are e i t h e r thrown 
out of the nest or k i l l e d and eaten by t h e i r parents (Schuz 
1943, 1957). These c a s u a l t i e s are u s u a l l y associated with 
young adultffi and are bel i e v e d by some to be adaptive, 
e l i m i n a t i n g s u r p l u s o f f s p r i n g (Wynne-Edwards I962), 
F r a t r i c i d e i s a l s o p r a c t i s e d by those sp e c i e s 
t h a t s t a r t i n c u b a t i n g as soon as the f i r s t egg i s l a i d and 
i s known to occur among b i r d s of prey and owls. Ingram (1959) 
has studied t h i s j u v e n i l e m o r t a l i t y and concludes that " i t i s 
e u g e n i c a l l y p r e f e r a b l e to r e a r , l e t us say, one or two hesuLthy 
well-nourished progeny r a t h e r than s i x or seven weaklings." 
As such, f r a t r i c i d e reduces the brood s i z e to the most e f f i c i e n t 
number of c h i c k s that can be reared under the p r e v a i l i n g conditions, 
and an adequate supply of food precludes any further j u v e n i l e 
m o r t a l i t y . 
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V/e have seen that the Herring G u l l does not wait u n t i l 
the t h i r d egg i s l a i d before s t a r t i n g to incubate. Instead, 
both egg l a y i n g and hatching are somewhat protracted, and there 
i s evidence to suggest that the graduation i n time of hatching 
and i n f e r i o r s i z e of the t h i r d chick are responsible f o r i t s 
r e l a t i v e l y high m o r t a l i t y . Frequently, t h i s chick disappeared 
at 6in e a r l y age from the nest s i t e . I t may be assumed that 
t h i s disappearance of young c h i c k s was most commonly the r e s u l t 
of cannibalism. Lack (1954) pointed out that predators tend 
to take the wesikest members of t h e i r prey s p e c i e s and i t i s 
p o s s i b l e that the t h i r d hatched chick i s commonly i n that 
p o s i t i o n . Of a l l the c h i c k s that were eaten, the c-chick 
s u f f e r e d the most, so that the incidence of cannibalism on 
t h i s c h i c k was s i g n i f i c a m t l y greater than on i t s s i b l i n g s 
(p <0.05, Table 6 l ) . 
Table 6 l , The numbers of c h i c k s of d i f f e r e n t hatching 
sequence that were found c a n n i b a l i s e d 
No,cannibalised No,ringed Per cent eaten 
a - c h i c k 30 6 l l 4,9% 
b-chick 27 509 5.3% 
c - c h i c k 26 295 8.8% 
D i f f e r e n c e between a- and c - c h i c k s : 5.23 p< 0.05 
S i m i l a r l y , the c-chick succumbed more frequently to 
kronism than e i t h e r of the other c h i c k s . lifhen the^ regurgitated 
remains of a c h i c k have been found on i t s nest s i t e i t has been 
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assumed that i t s own parent was the g u i l t y party. T h i s 
m o r t a l i t y u s u a l l y occurred when the c h i c k s were quite smaill 
and, of course, without d i r e c t observational evidence, i t 
i s not p o s s i b l e to r u l e out death through 'natural' causes 
before the c h i c k s were eaten. However, kronism was noted 
i n 15 n e s t s from a t o t a l of 7^ 7 n e sts i n which at l e a s t one 
c h i c k hatched ( i . e . 2 per cent occurrence). This m o r t a l i t y 
a f f e c t e d 9 c - c h i c k s , compared with 4 b-chicks and 2 a - c h i c k s . 
I t i s d i f f i c u l t to comment with confidence on the 
motivation f o r these deaths, or t h e i r evolutionary s i g n i f i c a n c e . 
S e v e r a l small c h i c k s are found e i t h e r dead or dying on t h e i r 
n e s t s i t e s , and t h e i r condition i s u s u a l l y emaciated. This 
could be through l a c k of food, or p o s s i b l y disease. I t i s 
easy therefore to assume that the v i c t i m s of t h e i r parents' 
a t t a c k s are doomed i n d i v i d u a l s that would have died anyway. 
T h i s would suggest that the s l i g h t l y p r otracted l a y i n g , and 
a l s o the small t h i r d egg, are adaptations to unfavourable 
c o n d i t i o n s . The r e s u l t i n g chick competes u n s u c c e s s f u l l y 
with i t s s i b l i n g s , i s weakened and e i t h e r d i e s or i s k i l l e d 
by i t s parents. 
However, food does not appear to be short for t h i s 
s p e c i e s during the breeding season. I f t h i s i s the case, 
then the u l t i m a t e f a c t o r assumed necessary to i n i t i a t e 
kronism i s absent, and Wynne-Edwards (1962) hypothesis of 
a s o c i a l l y induced j u v e n i l e m o r t a l i t y becomes an a l t e r n a t i v e 
s o l u t i o n , Kronism would then be regarded as a socisil. 
convention which " i s not due to the parent's simple i n a b i l i t y 
to supply food" ( l o c c i t . , p.537). Before continuing t h i s 
d i s c u s s i o n i t i s necessary to look at the more widespread 
phenomenon of cannibalism. 
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Cannibalism 
A walk through the colony during the pre-fledging 
period w i l l r e v e a l the la r g e proportion of chic k s that have 
been attacked or eaten by other g u l l s . I n I967 and I968, 
the percentages of dead c h i c k s that were p a r t i a l l y or wholly 
eaten, or that showed head s c a r s , were 56 per cent (N = 226) 
and 49 per cent (N = 335) r e s p e c t i v e l y ( P l a t e 7 ) . On some 
occasions these i n j u r i e s may have been i n f l i c t e d a f t e r death, 
and i t wa.s not uncommon f o r f l e d g l i n g s to wander around the 
i s l a n d pecking and p u l l i n g a t dead c h i c k s . 
Dead c h i c k s with head s c a r s had most probably 
t r e s p a s s e d i n t o foreign t e r r i t o r i e s and subsequently s u f f e r e d 
f o r t h e i r misadventure. Such deaths are more frequent amongst 
ol d e r c h i c k s which are prone to wander. I t i s the smaller 
c h i c k s that are more acceptable as food items for cannibals. 
For example, of the c h i c k s under 10 days of age on North 
Ness 1968, 92 per cent of those that were k i l l e d (N = 221) 
were a l s o eaten and the r i n g s and bones l a t e r regurgitated. 
Of those c h i c k s that were k i l l e d when older thein 10 days, 
only 53 per cent were then eaten (N = 73) , and the remainder 
merely had head s c a r s . 
Apart from the t e r r i t o r i a l aggression of adu l t s on 
these c h i c k s , there i s another type of a t t a c k that can cause 
the m o r t a l i t y of l a r g e c h i c k s without the motivation of 
cannibalism. When c h i c k s are l e a r n i n g to f l y they are often 
c h i v v i e d and chased, and beaten down i n t o the sea. Thi s 
behaviour has a l s o been recorded by Paynter (1949) and 
H a r r i s (1964), although no reasons for the at t a c k s are suggested, 
PLATE 7a. Wandering chick attacked by an adult - t e r r i t o r i a l 
aggression. 
PLATE 7b. Head scars on a dead chick, typ i c a l of death through 
wandering in t o a neighbouring t e r r i t o r y . 
PLATE 7c. Regurgitated remains of chicks (e.g. bones, rings) on 
the nest site of a cannibal. 
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More important, the a t t a c k s are u s u a l l y r e s t r i c t e d to the young 
of e a i r l i e s t breeders. As the season progresses, the adu l t s 
take l e s s n o t i c e of newly f l y i n g c h i c k s , almost as i f accustomed 
to the n o v e l t y . I t i s p o s s i b l y the cumbersome nature of the 
f i r s t f l i g h t s , smd perhaps the s i m i l a r i t y of chicks to Great 
Skuas, that e l i c i t s t h i s pugnacious response. Whatever the 
reasons, t h i s m o r t a l i t y may be an important f a c t o r s e l e c t i n g 
a g a i n s t the young of. e a r l y breeders ( H a r r i s 1964). 
The extensive r i n g i n g programme made i t p o s s i b l e to 
d i f f e r e n t i a t e between the more 'casual' e a t i n g of c h i c k s , and 
the incidence of re g u l a r cannibalism. On North Ness (I968) 
four c a n n i b a l s ate I67 c h i c k s , or 11.8 per cent of a l l the 
c h i c k s a v a i l a b l e to them from that a r e a . One of these 
four predators accounted for 70 c h i c k s . T h i s p a r t i c u l a r 
b i r d w i l l be r e f e r r e d to as the 'Whaup ca n n i b a l * . Another 
e i g h t l e s s voracious cannibals were known on North Ness, 
but these ate l e s s than 10 c h i c k s each, and together with 
other c a s u a l c a n n i b a l s they i n c r e a s e d the chick m o r t a l i t y 
from t h i s cause to 23.3% (Table 62) . 
By p l o t t i n g the n e s t s from which the four North Ness 
c a n n i b a l s plundered c h i c k s , i t can be seen that the cannibals 
are ranging some distance from t h e i r own n e s t s (Fig, 3 5 ) , and 
quite commonly from 50 to 150m, There was no chance that 
the c h i c k s had wandered by chance to the cannibal t e r r i t o r i e s , 
e s p e c i a l l y as the Whaup and Mars cannibals were i s o l a t e d by 
sea and steep rocks from the r e s t of North Ness, I n f a c t , 
these b i r d s were seen to sweep down on poorly protected nests 
and s e i z e c h i c k s which were then often swallowed i n f l i g h t . 
On other occasions, the c h i c k s would be taken a l i v e to the nest 
s i t e of the ca n n i b a l , and then eaten a t l e i s u r e ( P l a t e j a ^ ) , 
Figure 35 
Scale diagram of North Ness showing nests from which two 
cannibals took chicks, and the distance the ceinnibals 
travelled from t h e i r own nests (1968) 

Table 62 . Fate of chicks ringed at hatching on North Ness I968 
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Number of chicks ringed 
Eaten by four cannibals 
Eaten by other cannibals 
Total chicks eaten 
Died with head scars 
Total chicks believed " k i l l e d " 
Found dead - no v i s i b l e i n j u r y 
Known to have fledged 
Unaccounted for 
No,chicks 
1,^15 
167 
162 
329 
^7 
376 
256 
609 
174 
Per cent of t o t a l 
11.8% 
11.4?^ 
23.39^ 
3.39^ 
26.6?^ 
18.19^ 
12,3% 
CEinnibals have also been recorded i n a l l other parts 
of the island. One outside the Low Light flew regularly to 
the North Plateau, a distance of between 1/h and ^  Kilometer, 
to c o l l e c t chicks. On E.Tarbet i n 1967» a cannibal ate 
20 ringed chicks, or k per cent of the t o t a l number ringed. 
This par t i c u l a r b i r d was s l i g h t l y d i f f e r e n t from the other 
cannibals. Usually, as mentioned above, the cannibals 
take young chicks. For example, the number of days between 
hatching and disappearance were calculated for the chicks on 
North Ness that were csinnibalised, and the mean age was 
6 .7 days - 0 , 3 ^ (N = 5 5 ) . However, the E. Tarbet cannibal 
selected much older chicks, often between 10 and 2k days old, 
and these were taken to the nest site and the viscera removed 
and eaten. 
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In 1967, four cannibals were noted and studied, 
one on Tarbetiji one on S.Rona, and two on North Ness, A l l these 
birds returned to t h e i r nest sites i n I968 and I969, and a l l 
continued t h e i r habit of chick eating i n these years. I t there-
fore appears that once the habit i s formed i t remains over the 
years. Quite what induces cannibalism i n the f i r s t instance, 
and at what age i t occurs, i s not known. There i s circumstantial 
evidence to suggest that i t i s related to density, for progressively 
more cannibals were noted between 196? and I969, and the numbers of 
breeding birds has been shown to increase annually by I3 per cent. 
Again, there i s not enough evidence to state whether the habit 
involves both members of the pair, or whether i t i s restr i c t e d 
to a particular sex. Observations on two of the cannibals i n 
1969 indicated that the male g u l l was the offender, but not 
enough results are available to rule out the p o s s i b i l i t y that 
females also eat chicks. 
Presumably, cannibals must distinguish between their 
ovm chicks and neighbouring chicks and, moreover, the dis-
sociation must be so d i s t i n c t as to freely allow predation 
on i t s own species. There i s evidence to suggest that some 
csmnibsils f i n d d i f f i c u l t y i n separating the behavioural drive 
needed on the one hand, to feed and care for the i r offspring, 
whilst on the other hand to k i l l and eat the offspring of other 
Herring Gulls. The Whaup cannibal was incubating a clutch of 
three eggs u n t i l late June I968, and during th i s incubation 
period, i t ate over 40 chicks. I t can safely be assumed 
that food was not short at that time, nor did the adults 
have the extra demands of feeding chicks. The quite dense 
breeding population on North Ness must have provided an easy 
and near-at-hand source of food, a better alternative to 
f l y i n g six or more miles to the mainland. 
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On 26 June the clutch of thi s particular cannibal 
began to hatch. I t must be remembered that the nest was 
isolated on i t s own rocky outcrop, and that whatever happened 
next was the act of the cannibal alone. This bird continued 
to c o l l e c t chicks, but appeared unable to k i l l them. By 
28 June, there were 9 chicks on the nest s i t e , i t s own brood 
of three, and six others. Of these six chicks, four were 
less than two days old, whereas there were two of 6 to 8 days 
of age. The cannibal was observed t r y i n g to feed t h i s 
enlarged clutch, with some success. However, two days l a t e r , 
two chicks had been eaten and an additional chick had joined 
the brood to make eight l i v e chicks. 
On 3 July all that remained auLive was a brood of 
three chicks of peculiar composition. One chick was i t s own, 
and another was one of the o r i g i n a l kidnapped chicks. The 
t h i r d , however, was a new a r r i v a l from a nest 80 feet from 
that of the cannibal, the chick being about 12 days old. 
The remaining chicks had been eaten and four more also. 
Unfortunately, the fierce storms and rain i n early July 
interrupted t h i s i n t r i g u i n g situation f o r , two days l a t e r , 
two of the chicks had died of exposure. The remaining chick 
was one of the o r i g i n a l kidnapped brood and i t grew well on 
subsequent cannibalised chicks u n t i l fledging i n late July, 
These somewhat bizarre records i l l u s t r a t e the 
c o n f l i c t between the i n s t i n c t to care and feed a brood and 
the i n s t i n c t to k i l l to provide that food. This i s perhaps 
why some authors have accused unmated or sub-adult birds, 
with imperfectly developed i n s t i n c t s , as being the majority 
of those that turn to cannibalism. However, of the four 
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true cannibals on North Ness, we have seen that one reared a 
chick, and i n the previous two years i t had also held a t e r r i t o r y 
and nest s i t e . The other three a l l l a i d clutches of three eggs, 
but only one of them successfully reared young. Two other 
cannibals studied i n d i f f e r e n t parts of the island were also 
successful breeders. I t therefore appears that cannibalism 
i s not necessarily r e s t r i c t e d to any year class or group of 
reproductive f a i l u r e s . 
Cannibalism on North Ness i n I968 was quite obviously 
am important cause of mortality, accounting for the deaths of 
over 20 per cent of chicks. I t cannot be concluded that these 
chicks were weak and l i a b l e to die. A l l the kidnapped chicks 
that were found alive on the Vfhaup cannibal nest site appeared 
i n good heeilth on the date of capture. This again poses the 
problem of the factors that cause cannibalism. The density 
of the population i s regarded by some as a primary cause 
(Paludan 1951, Brown 196?), and cannibalism i s likened to the 
"shock disease" recorded i n some overcrowded mammals 
(Barnet 1964). This "disease" i s closely associated with the 
number of direct c o n f l i c t s with neighbours. I t i s interesting 
that four out of the six true cannibals studied nested i n 
r e l a t i v e l y uncrowded parts of the island (e,g, around the 
perimeter of North Ness), This would indicate that the 
immediate density, or number of contacts with neighbours, 
i s not p a r t i c u l a r l y important; for, i f t h i s were the case, 
cannibalism would be more prevalent i n the most dense areas. 
I t i s possible that the importance of density i s 
related to the number of chicks available i n a confined area. 
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rather than to any stimulation that c o n f l i c t or contact may 
have between adults. Whether food shortage encourages t h i s 
behaviour i s not known, although i t i s unlikely that there i s 
amy scarcity of food when cannibsils begin t h e i r predation. 
In dense populations there are large numbers of chicks and 
the frequent t e r r i t o r i a l battles between adults i n such 
populations may leave these chicks exposed or vulnerable to 
predation. The chicks could then be a more accessible and 
preferable source of food, sind the cannibals acting within 
the confines of natural or individual selection. 
Cannibals as predators 
I t i s now possible to view the cannibal as a predator, 
irrespective of the in t r a s p e c i f i c relationship i t has with i t s 
prey. Darling (1938) found that the Greater Black-backed Gull 
and the Heron took a steady t o l l of chicks while they were i n 
the down stage and theorised that, i f t h i s period were short, 
the percentage mortality due to predation would be comparatively 
less thein i n ain extended breeding season (Fig.36), Using the 
data from the four 'true cannibals' on North Ness i t was 
possible to see whether predation creates a selective advantage 
towards a shortened breeding season. 
The hatching dates of chicks k i l l e d by the cannibals 
were recorded and, therefore, the percentage mortality due to 
csinnibalism for various hatching dates could be calculated 
(Table 63). I t can be seen that early and late hatching 
chicks suffer a s i g n i f i c a n t l y higher mortality from these 
four ceinnibals than those hatching i n the middle of the 
season (p^O.OOl), In fact, the cannibals take a steady 
Figure 36 
Diagram i l l u s t r a t i n g how the survival rate i s influenced 
by the "spread" of time i n which the eggs of a colony of 
Herring Gulls are l a i d (from Darling 1938, p.70) 
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number of chicks throughout the season, although the numbers 
available change considerably, and t h i s must create a selective 
advantage f o r breeding i n the middle of a well defined breeding 
season. A similar result was obtained from just one cannibal 
on another part of the island (S.Rona I968), I t w i l l be 
remembered that chicks were ringed with colour rings according 
to t h e i r date of hatching. The various colour rings 
regurgitated by the cannibal gave estimates of the percentage 
mort a l i t y for the four d i f f e r e n t hatching groups. The seasonal 
variati o n i n the percentage of chicks k i l l e d by t h i s cannibal 
conformed to the pattern already shown by the North Ness 
cannibals (Table 6k), 
However, cannibalism i s not the only cause of the 
seasonal v a r i a b i l i t y i n fledging success. I f the estimated, 
predation by the four cannibals on North Ness (I968) i s 
discounted from the mortality of young chicks (0 to 10 days old), 
there i s s t i l l a decrease i n post-hatching survival as the 
season progresses (Fig,37), Nevertheless, the higher 
mortality of early hatching chicks i s no longer evident i n 
the assumed absence of cannibalism, nor i s the mortality of 
l a t e hatching chicks as marked as i n the actual f i e l d results. 
I t therefore seems that without expleulning a l l the variation 
i n hatching success, the cajinibals play a substantial part i n 
creating the higher pre-fledging mortalities noted for chicks 
hatching early and late i n the season. 
Fin a l l y , attention must be drawn to a subtle difference 
between these cannibals and normal predators. Usually there 
are only a handful of predators attacking a particular colony 
Table 63. Season variation i n the numbers of chicks eaten 
by four cannibals on North Ness I968 
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No,chicks 
eaten 
No,at r i s k 
Per cent 
mo r t a l i t y 
up to 4 5-9 
22 
99 
22 
201 
Hatching date of chicks 
June 
10-14 15-19 20-24 23-29 
21 34 
289 443 
29 
260 
23 
84 
30 on-
wards 
7 
22 
22.2 11.0 7.3 7.7 11.2 27.4 31.8 
X = 53.6 (5 degrees of freedom) p sO.OOl 
Table 64. Mortality due to one cannibal on S.Rona I968, 
Different hatching date groups given by various 
colours of rings (insulating tubing) 
Blue rings Yellow rings Green rings Black rings 
early middle middle late 
up to 9 June 9-l6 June 16-22 June 22 June onwards| 
No.eaten 
No.ringed 
% eaten 
6 
40 
15.0% 
3 
104 
2,9% 
9 
375 
2.4% 
8 
113 
7.1% 
and, f or t h i s reason, a f a i r l y constant number of prey are 
removed i n any given period. Admittedly, the Herring Gull 
cannibals seem to be consistent with t h i s viewpoint, for there 
were a set number on North Ness, and they ate more or less the 
same number of chicks each day. Hov/ever, while there are 
Figure 37 
Variation i n percentage post-hatching survival on North 
Ness (1968) through the season, both including and excluding 
the effect of mortality due to four cannibals. Numbers 
refer to chicks hatching 
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p o t e n t i a l l y many more cannibals i n a Herring Gull colony, 
there was no indication that the number of cannibals altered 
with the a v a i l a b i l i t y of small chicks. I f cemnibalism merely 
corresponded with t h i s seasonal source of food i t i s strange 
that the cannibals took so many early and late chicks when 
the supply was short, and did not increase their consumption 
markedly i n the middle of the season; and also strange that 
more adults did not turn to cannibalism i n the middle of the 
season when many chicks were hatching. 
Htunan disturbance 
In view of these savage attacks by gulls on wandering 
chicks, concern has often been expressed of the disturbance 
caused by the presence of humans, which could possibly result 
i n additionsil mortality, Harris (1964) compared the mortality 
of chicks i n areas of d i f f e r i n g cover, arguing that anj morteility 
due to human v i s i t s would be more obvious i n the exposed areas. 
As the percentages of dead chicks were the same i n all five sub-
colonies i t was concluded that the observer's v i s i t s had l i t t l e 
e f f e c t . However, Brown (I967) found a very significant 
difference i n the breeding success between the Lesser Black-
backed Gulls nesting i n cover and i n no cover. I t was 
a t t r i b u t e d to predation, though whether t h i s mortality was 
increased by human disturbance was not discussed, 
Kadlec et a l (I968) studied the New England population 
of Herring Gulls and suggested that v i s i t s to the islands 
lowered the reproductive success according to the frequency 
and duration of v i s i t s , the type of weather i n which they 
took place, and the density of the colony. The f i n a l conclusion 
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was that "three meticulous v i s i t s per week may lower the 
breeding success by no more than 0.4 young per nest." 
On the I s l e of May, wing lengths were measured at the 
time of ringing, and also at the time of death. From the 
increase i n wing length, the time the chicks lived after 
being disturbed by ringing was calculated. I t was argued 
that i f human disturbance was a major cause of mortality, 
then saeveral chicks would die soon aft e r the i n i t i a l ringing. 
In f a c t , the results (Table 65) did not indicate that any such 
additional mortality had taken place. Much w i l l depend on 
the numbers of people v i s i t i n g a colony, and the extent of 
t h e i r a c t i v i t i e s , for as Paludan (1951) pointed out, a slow 
walk through the colony creates very l i t t l e disturbance. 
Also for a comparative study between different sub-colonies, 
providing each area i s v i s i t e d the saime number of times, and 
i n the saime conditions, then emy bias due to human disturbance 
w i l l be shared equally. The comparative aspect of the study 
w i l l therefore remain v a l i d , 
V/eather, food shortage eind disease 
V/eather conditions can have some effect on the 
breeding success of the Herring Gull, In thi s study i t was 
shown that heavy rain probably reduced both clutch size and 
hatching success, and d e f i n i t e l y k i l l e d chicks between one 
aind three weeks of age. Strong sun and heavy rain are 
mentioned as mortality agents by Darling (1938), Paynter (1949), 
Paludan (1951) and Harris (1964). 
Much of the Herring Gull's success has been attributed 
to i t s food supply which i s generally, independent of weather 
and reasonably constant. Harris (1964) stated that the many 
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thousand c h i c k s on Skomer showed no sign of s t a r v a t i o n , and 
concluded that the reason was t h i s supply of man's waste 
and o f f a l . His experiments on g u l l s f o s t e r i n g a d d i t i o n a l 
c h i c k s and c h i c k s of other s p e c i e s ( H a r r i s 196^, H a r r i s & 
Plumb 1965) appeared to v e r i f y t h i s conclusion. Nevertheless, 
on the I s l e of May c h i c k s were found that had apparently died 
of s t a r v a t i o n , and i t was f e l t that i t was due to a breakdown 
i n p a r e n t a l c a r e , r a t h e r than to an a c t u a l food shortage 
( S e c t i o n 6, Table ^ 5 ) , T h i s s t a r v a t i o n occurred i n the 
post-hatching period, during the important behavioural 
change from incubation to feeding of the young. Once t h i s 
i n i t i a l change had been made s u c c e s s f u l l y , there appeared to 
be no f u r t h e r d i f f i c u l t y i n providing food for the f l e d g l i n g s . 
Therefore, no c h i c k s over a week old were found to be s t a r v i n g 
w h i l s t i n the confines of t h e i r own nest s i t e . L a t e r , there 
were s e v e r a l instsinces when p o s t - f l e d g l i n g s were found dying 
apparently of s t a r v a t i o n , and t h i s was presumably because 
they had l e f t , or been driven away from t h e i r parents. 
I t seemed that u n l e s s p o s t - f l e d g l i n g s moved to the mainland, 
they quite q u i c k l y became emaciated on the i s l a n d , where l i t t l e 
or no food was a v a i l a b l e . 
I n 1968, s e v e r a l f l e d g l i n g s died i n the late,summer 
on the islsuQd, eind many appeared to have starved. However, 
on e i g h t occasions, c h i c k s i n poor condition were c o l l e c t e d 
and fed, and yet they s t i l l succumbed. S i x dead c h i c k s 
taken generally•around the i s l a n d were sent to Lasswade 
( V e t e r i n a r y l a b o r a t o r i e s ) , and four of them were found to 
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contain Salmonella typhimurium. The laboratory report did 
not suggest that t h i s was the cause of death, but that i t 
accelerated death i n these already weak chicks. The remaining 
two chicks were both i n poor condition, and lack of food was 
regarded as being responsible. Any f a t a l or semi-fatal 
disease that the chicks may contract w i l l be rapidly 
transferred by the fledglings* habit of picking at, and often 
eating, dead chicks. 
Various other diseases have been recorded i n immature 
g u l l s , including Aspergillus sp, (Poulding 1952, Harris 196^ 
and Paynter (19^9)mentions a case of dysentery. However, only 
these six chicks were analysed from the I s l e of May4: 
8,6 Summary of breeding success 
The breeding success of the Herring Gulls on the 
I s l e of May i s summarised i n Table 66, which compares the 
control areas with delayed nests i n both I967 and I968, 
I t w i l l be noticed that the fledging success i n I968 was 
considerably less than i n the previous year. From the 
general large scale ringing programme i n 1966 and 196?, 
between 8 smd 9 per cent of a l l chicks ringed were recovered 
before leaving the island. The following year, of ^,825 
chicks ringed during the season, 9I6 or 19 per cent were 
found dead on the island before autumn (Table 6$), The 
factors contributing most to t h i s difference were the poor 
weather i n July 1968, and the large numbers of apparently 
diseased chicks that died not long after fledging. 
I t appears that approximately 30 per cent of eggs 
give rise to fledged young i n the control area, so that 
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0 ,7 - 0 .9 c h i c k s are fledged per psiir. S i m i l a r f i g u r e s are 
given by Paynter (19^9) , Drost et a l ( I 9 6 I ) , H a r r i s (1964) , 
and Brown ( 1 9 6 ? ) , The New England Herring G u l l population 
were s l i g h t l y more s u c c e s s f u l , producing on average 0,8 - 1,4 
c h i c k s per p a i r , whereas a f a r lower estimate of 0 .5 c h i c k s 
per p a i r was quoted f or C h r i s t i a n o (Paludan 1951» Table 67 )« 
The d i f f e r e n c e s between normal and delayed breeding 
are shown for both y e a r s . E s s e n t i a l l y , c l u t c h s i z e i s the 
major f a c t o r causing the reduced p r o d u c t i v i t y i n delayed n e s t s . 
I n 1967, the hatching and fledg i n g success of repeat c l u t c h e s 
was s i m i l a r to the c o n t r o l s . I n f a c t , repeat l a y e r s r a i s e d 
more young than n a t u r a l l a y e r s breeding at the same time i n 
the season, although both c a t e g o r i e s l a i d the same number 
of eggs. The following year, t h i s s i t u a t i o n was masked 
by the high m o r t a l i t y of l a t e hatching c h i c k s caused by very 
bad weather c o n d i t i o n s . 
Table 66 . Summary of breeding success of Herring Gulls on 
the I s l e of May, comparing control areas with 
delayed areas for the I967 and 1968 seasons 
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1968 
Control Delayed 
No.nests 
No.eggs 
Clutch size 
No.eggs hatching 
Hatching success % 
No,chicks/pair 
No,chicks fledged 
%' chicks fledged 
Chicks fledged/egg 
Chicks fledged/pair 
903 
2,463 
2 .73 
1,722 
69.9% 
1.91 
609 
35.4?^-
0 ,25 
0,67 
358 
772 
2,16 
552 
67 .6^ 
1.46 
78 
14.99^  
0.10 
0.22 
1967 
Control Delayed 
( i ) ( i i ) 
1,101 303 197 
3,062 771 428 
2.78 2.54 2.17 
1,968 513 220 
64 .3^ 66.5% 51.49^ 
1.79 1.69 1.12 
999 256 109 
50.8% 49.99^ 49.5% 
0.33 0.33 0.25 
0.91 0.84 0 .55 
The 1967 delayed areas are shown divided into : 
( i ) mean hatching date 23 June 
( i i ) mean hatching date 29 June, compared with the 
controls with mean hatching date 17 June 
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SECTION NINE 
POST-FLEDGING SURVIVAL AND DISPERSION 
9 . 1 General s u r v i v a l estimates 
S e v e r a l attempts have been made to construct l i f e 
t a b l e s and population models of Herring G u l l s based on r i n g i n g 
m a t e r i a l (Paynter 1949 and 1966, Paludan 1951, Hickey 1952, 
Drost et a l I 9 6 I , Kadlec et a l I 9 6 8 ) . Unfortunately, r i n g s 
are f r e q u e n t l y l o s t or corroded away and, f o r t h i s reason, 
i t i s often concluded that m o r t a l i t y t a b l e s based on r i n g i n g 
r e c o v e r i e s are u n r e l i a b l e (Poulding 1954, Coulson & White 1955 
and 1959, H a r r i s 1964, Paynter I 9 6 6 ) , Nevertheless, the 
i n t r o d u c t i o n of the more durable monel r i n g s may reduce t h i s 
e r r o r . The aneilysis of the I s l e of May g u l l r e c o v e r i e s w i l l 
be r e s t r i c t e d to b i r d s ringed during t h i s study, and with 
monel r i n g s , aind therefore band l o s s should be absent or 
n e g l i g i b l e . 
An a n a l y s i s of population growth invo l v e s estimates 
of j u v e n i l e or f i r s t year m o r t a l i t y compared with adult 
m o r t a l i t y . Lack (1954) noted that young b i r d s may be more 
e a s i l y shot than a d u l t s . The i n c l u s i o n of shot b i r d s may 
th e r e f o r e introduce a b i a s , e s p e c i a l l y i f they are more 
l i k e l y to be Reported, However, although as many as 
60 per cent of Herring G u l l r e c o v e r i e s i n Scandinavian s t u d i e s 
had been shot (Paludan 1951, Olsson 1958) , f a r fewer ( 3 . 3 per 
cen t ) are k i l l e d i n t h i s way i n B r i t a i n (Table 6 8 ) , The 
L e s s e r Black-backed G u l l s are not so fortunate, for of the 
42 r e c o v e r i e s of p u l l i ringed on the I s l e of May, 36 per cent 
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had been shot. Nearly a l l of these deaths had been incurred 
during t h e i r winter migration to the Mediterranean, where 
shooting of birds i s commonplace. This, eind the general 
hazards of a long migration, probably accotints for the 
difference i n the f i r s t year mortality between the two species. 
Only 1,7 per cent of fledged Herring Gulls are recovered betv;een 
fledging and July of the following year. Significantly more 
Lesser Black-backed Gulls are recovered during t h i s period 
( 3 . 6 per cent, = 14,1, p< 0 , 0 0 1 ) . 
Various causes of death are recorded, and i n fact 
twice as many Herring Gulls were k i l l e d by cars as shot by 
man (Table 6 8 ) , Obviously, the vast majority of recoveries 
are not diagnosed, but a fcew and often bizarre mortaility 
factors have been noted, A post mortem exeunination was 
carried out on an Isle of May g u l l found on Inner Fame 
Island (Northmnberland), The bi r d had swallowed a hypodeiianic 
needle which had then punctured the peritoneum Eind caused 
death. Two birds that had died during severe gales had 
suffered i n t e r n a l haemorrage, and i t i s possible that 
inexperienced f l i e r s may have d i f f i c u l t i e s i n such weather. 
One of these birds had been observed to be dashed agaiinst 
the sea wall by a powerful gust of wind. 
9 ,2 Monthly variation i n recovery 
I t i s well known that a large proportion of f i r s t 
year g u l l recoveries occur i n the three or four months after 
fledging (Gross 1940, Harris 1963i F-ordham 1 9 6 9 ) . I f the 
f i r s t year i s taken as the i n t e r v a l between fledging and the 
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Table 68 , I s l e of May post-fledging recoveries. 
Causes of death 
Causes No, recoveries 
No diagnosis 282 
Injured : broken wings or legs 34 
K i l l e d by cars 26 
Shot 13 
Swallowed f i s h i n g hooks, caught i n nets 12 
Oiled 11 
K i l l e d by overhead power cables 11 
K i l l e d by trains 5 
K i l l e d by dog 1 
K i l l e d by fox 1 
Drowned i n sewage p i t 1 
following July ( a f t e r Paynter 1966) , then 58 per cent of the 
f i r s t year recoveries were recorded between fledging and 
October inclusively ( F i g , 3 8 ) , There i s no doubt that t h i s 
i s due to inexperience i n these post-fledging months when 
the juveniles must learn to f i n d food sind avoid predation or 
accidents. 
After the f i r s t year, the highest morteuLity apparently 
occurs i n the summer months (Harris I 9 6 3 ) ; the Isle of May data 
(Fig,39) and the summary of Kent Island Herring Gull returns 
given by Gross (1940, p , l 4 3 ) also show an increase i n 
Figure 38 
Monthly d i s t r i b u t i o n of f i r s t year r e c o v e r i e s of Herring G u l l 
p u l l i ringed on the I s l e of May I966 - I968 i n c l u s i v e l y . 
Recoveries every 2 months expressed as a percentage of the 
t o t a l f i r s t year r e c o v e r i e s 
Figure 39 
Monthly d i s t r i b u t i o n of r e c o v e r i e s up. to spring 1970 of 
Herring G u l l p u l l i ringed during t h i s study. Recoveries 
every 2 months expressed as a percentage of the t o t a l 
r e c o v e r i e s r e c e i v e d for each year c l a s s up to spring 1970 
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recoveries during July and August. Harris (1963) suggested 
that during the winter gulls can disperse to eireas of abixndant 
food, whereas i n the summer both adults and non-breeding birds 
are r e s t r i c t e d to areas within range of the i r breeding colonies. 
However, sinalysis of recoveries from two colonies near to good 
food supplies also showed t h i s summer pesik of mortality, and 
i t was concluded that other reasons may also apply. In the 
colonies i t i s not uncommon to fin d adults with broken wings 
and, other i n j u r i e s i n f l i c t e d i n the course of t e r r i t o r i a l 
b a t t l e s . This could create an additional mortality, but i t 
may also be that dead birds are more l i k e l y to be found i n 
the sxunmer months. 
Table 6 9 . Annual recoveries of Herring Gull ringing material 
Year of ringing p u l l i 
1966 1967 1968 
4,325 5,230 4,812 
382 419 916 
8,8?^ 8 ,0^ 19.0? 
3,943 4,811 3,896 
63 83 129 
Total no, ringed 
Recoveries on island^ 
% recovered on islar' 
I 
No. leaving island 
No. recovered i n ls|||year 
% 1 s t year recoveril 
No. recovered i n 2E 
% 2nd year recovery H; 
^ I 
No. recovered i n 3'"*/year 
% recovered i n 3rc.-5Jear 
1.69^ 
28 
0,719^ 
14 
0,369^ 
1,79^ 3.3% 
37 
0.779^ -
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9 . 3 Hatching date and post-fledging m o r t a l i t y 
P r e - f l e d g i n g m o r t a l i t y has been shown to vary with 
the hatching date of c h i c k s , but t h i s r e l a t i o n s h i p i s more a 
f u n c t i o n of n e s t i n g synchrony than an a c t u a l a b i o t i c effectt 
of the season. Whether l a y i n g dates are important a l s o i n 
determining the extent of post-fledging s u r v i v a l i s not generally 
known i n b i r d s p e c i e s , although no c o r r e l a t i o n was found i n the 
Oystercatcher ( H a r r i s 1 9 6 9 ) , The f i r s t winter r e c o v e r i e s 
of Herring G u l l p u l l i ringed during t h i s study were therefore 
grouped according to hatching date, to i n v e s t i g a t e whether any 
advantage i s conferred on a p a r t i c u l a r hatching group (Table 7 0 ) , 
A s t a t i s t i c a l emalysis of t h i s nature presupposes 
tha t a c e r t a i n percentage of r i n g s w i l l be recovered. The 
chances of d e t e c t i n g d i f f e r e n c e s i n post-fledging m o r t a l i t y 
w i l l be i n c r e a s e d as the number of r e c o v e r i e s i n c r e a s e s , 
Paludan (1951) recorded a 10 per cent recovery of f i r s t year 
b i r d s outside the colony, and over 3 per cent of j u v e n i l e 
Dominican G u l l s were recovered i n the same period (Fordham 1970) , 
Unfortunately, there was a smaller recovery r a t e of I s l e of May 
Herring G u l l p u l l i (Table 6 9 ) , In I966 and I 9 6 7 , the percentages 
of r e c o v e r i e s i n the f i r s t year were only 1 ,6 smd 1 ,7 per cent 
r e s p e c t i v e l y . However, i n I968 there was a s i g n i f i c a n t i ncrease 
i n these f i r s t year r e t u r n s (X^ = 2 2 , 8 , p < 0 , 0 0 1 ) , with a 
doubling of the recovery r a t e to 3 , 3 per cent. 
I t i s p o s s i b l e that am epidemic contributed to t h i s 
i n c r e a s e d m o r t a l i t y . Many f l e d g l i n g s died on the i s l a n d that 
year, as has a l r e a d y been mentioned, and Salmonella typhimuritun 
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Table 70 , Variation i n percentage post-fledging mortality 
(up to March of f i r s t year) according to date 
of hatching of Isl e of May p u l l i . I966-68 
Date of hatching - June 
up to 4 5-9 10-14 15-19 20-24 25 onwards 
1968 p u l l i 
No,recoveries 10 25 30 26 13 13 117 
No.fledged 236 570 892 999 625 285 
recovered 4,29^ 4,4?^ 3M 2.6% 2,1% k,e% 
1967 p u l l i 
No. recoveries 1 2 12 9 1^ ^ '^^  
No.fledged 24 I 8 3 8 7 I 921 645 398 
% recovered 4.29^' 1,1% l,k% 1.0% 2.29^ 1,09^ 
1966 p u l l i 
Novrecoveries - 10 19 l 4 14 6 
No.fledged - 287 922 7 l 6 392 319 
% recovered - 3.59^ 2,1% 2,0% 3,6% 2,0% 
TOTAL 
No.recoveries 11 37 61 49 41 23 2 
No.fledged 260 1,040 2 ,685 2,636 1,662 1,002 
9^  recovered k,2% 3.6% 2,3% 1.9% 2,3% 2.3% 
= 13 .57 for 5 degrees of freedom 
P< 0 , 0 5 
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was found i n the carcasses examined. The disease may have 
reduced the growth of the chicks prior to fledging and resulted 
i n a poorer l a t e r survival. On the other hsind, the mortality 
may r e f l e c t a genuine shortage of food which affected both pre-
and post-fledging survival, and which may also have encouraged 
the incidence of cannibalism. 
Combining the recoveries for the three years I966-I968 
showed that there was a sig n i f i c a n t variation i n f i r s t winter 
recoveries according to the date of hatching (p ^ 5^0^05, Table 7 0 ) . 
However, the difference was meiinly due to a poorer survival of 
early hatching chicks. In a l l three years there was a trend 
for a higher mortality of t h i s group and i n I968 the chicks 
hatching before 9 June yielded significsmtly more recoveries 
than the remainder ( p ^ 0 , 0 5 ) . Again, comparing the same 
hatching intervals ( i , e , before and after 9 June) for the t o t a l 
of three years' recoveries, the difference i n the percentage 
recoveries i s very significant (3.79^ J 2,2?^ respectively, 
p<^0,001) . I t i s d i f f i c u l t to envisage a reason for t h i s 
r e s u l t . Admittedly, the f i r s t chicks to f l y are repeatedly 
mobbed by adults, but t h i s behaviour i s probably restr i c t e d 
to the v i c i n i t y of the island. Nevertheless, i t may drive 
these chicks from the islsuid and force them to be prematiirely 
independent of t h e i r parents. I t i s possible that early 
hatched juveniles do not disperse very rapidly from the Fife 
coast but wait u n t i l the general dispersion from that area 
begins. Were t h i s so, they would be competing for food 
against the dense breeding population of adults who are feeding 
not only themselves but also the major proportion of fledglings. 
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However, t h i s seems u n l i k e l y a s no d i f f e r e n c e was found between 
the percentage of e a r l y b i r d s dying i n the F i r t h of Forth ( i . e . 
near the islemd) £ind the remainder of the j u v e n i l e s . 
I n 1968, the l a t e s t hatching group silso s u f fered a 
higher f i r s t winter m o r t a l i t y compared with those hatching i n 
the middle of the season ( p { O.05). Although the pre-fledging 
weights of c h i c k s were not recorded, i t i s p o s s i b l e that chicks 
r e a r e d a t the t a i l - e n d of the season have r e c e i v e d l e s s p a r e ntal 
care than most other c h i c k s . S e v e r a l aspects of the breeding 
biology of l a t e l a y i n g Herring G u l l s have i n d i c a t e d a lowering 
of the reproductive d r i v e , which may r e s u l t i n c h i c k s fledging 
i n a poorer condition than othej?wise. Under these circumstances 
the su r v i v a l , of t h i s group of f l e d g l i n g s through the winter might 
w e l l compare unfavourably with c h i c k s reared during the peak of 
the season. The a n a l y s i s of f i r s t winter r e t u r n s therefore 
i n d i c a t e s a s e l e c t i v e advantage f o r n e s t i n g during the middle 
of the breeding season i n a d d i t i o n to that already determined 
by the v a r i a t i o n s i n pre-fledging m o r t a l i t y . However, any 
s e l e c t i o n i s more against very e a r l y breeding than for other 
time groups. 
The s i g h t i n g s of colour-ringed g u l l s during the 
w i n t e r gave an estimate of s u r v i v a l , but the r e s u l t s did not 
v e r i f y the above conc l u s i o n s . Instead, i n 1968 a higher 
percentage of e a r l y and l a t e hatching c h i c k s were recorded, 
but the d i f f e r e n c e was not s i g n i f i c a n t (Table 71). S i m i l a r l y , 
i n 1967 the s i g h t i n g s of 126 j u v e n i l e s gave no d i f f e r e n c e a t 
a l l between the estimated s u r v i v a l of the various hatching 
groups. 
173 
Table 71. S i g h t i n g s of colour ringed j u v e n i l e s (I968 p u l l i ) 
during the winter of 1968 
Colour combination and estimated hatching date 
B = blue, M = monel, r = r i g h t l e g , 1 = l e f t l e g 
B/Mr B l Mr Br Ml B/Ml 
up to 9 June 9-l6 June 16-23 June 23 June onwards 
No. seen 
No. fledged 
% s i g h t e d 
( s u r v i v a l ) 
72 
915 
7,9% 
92 65 
1,323 1,116 
7.( 5 J 
567 
8.3% 
D i f f e r e n c e between e a r l y and l a t e c h i c k s and the middle groups 
= 3.56, p = not s i g n i f i c a n t 
9.^ S u r v i v a l and p r o d u c t i v i t y 
Large g u l l s are p o t e n t i a l l y long l i v e d s p e c i e s , with 
a r e l a t i v e l y low sinnual a d u l t m o r t a l i t y . Various authors have 
summarised the r i n g i n g evidence of longevity (Gross 19^0, 
H a r r i s I963), and r e c e n t l y a g u l l ringed i n the Netherlands 
as a pulluswas recovered 30 years l a t e r . Even older b i r d s 
have been recorded, i n c l u d i n g a Herring G u l l of 49 years, 
but they were a l l reared i n complete or s e m i - c a p t i v i t y . 
Estimates of the average annual m o r t a l i t y of adult 
Herring G u l l s vary from 8 per cent (Kadlec & Drury I968) sind 
10 per cent (Drost et a l I 9 6 I , Brown I967), to 15 per cent 
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(Paludan 1951, Paynter I966). S i m i l a r Values are given f or 
other g u l l s . For example, t h i s m o r t a l i t y i s 12 per cent i n 
the Kittiwake (Coulson & White 1959), 10 per cent i n the 
Glaucous winged G u l l (Vermeer I963). Natureilly the f i g u r e s 
w i l l depend on the s p e c i f i c environmental f a c t o r s i n f l u e n c i n g 
each population, 
A t o t a l of 98 adult Herring G u l l s were known to return 
to the I s l e of May from 111 ringed the previous year, which 
g i v e s a maximum annual adult m o r t a l i t y of 11,7 per cent. 
However, a few of the a d u l t s were o r i g i n a l l y ringed i n roosting 
groups r a t h e r than on nest s i t e s , and therefore t h e i r attachment 
to the isleind i s somewhat questionable. T h i s i s emphasised by 
the report of one of the 'presumed dead' a d u l t s breeding the 
fo l l o w i n g year on Coquet Islamd, Northumberland (Dunn pers.comm.). 
The a d u l t m o r t a l i t y may therefore be considerably lower than 
t h i s f i g u r e . 
I n many b i r d s p e c i e s the m o r t a l i t y i n the second year (m2) 
approaches annual adult m o r t a l i t y (Lack 195^), and population 
s t u d i e s have u s u a l l y assumed t h i s to be the case. The f i r s t 
y ear m o r t a l i t y may then be c a l c u l a t e d according to the expression 
used by Coulson & White (1959) for the Kittiwake ; 
m^  No,recoveries of 1 s t year b i r d s 
X (1-m^) 
No,recoveries of 2nd year b i r d s 
where m^  i s the f i r s t year m o r t a l i t y 
i s the second year m o r t a l i t y and assumed equal 
to a d u l t m o r t a l i t y , . 
175 
By combining the r e c o v e r i e s from both the I 9 6 6 and 
1967 ringed p u l l i , an estimation of the f i r s t year m o r t a l i t y 
i s obtained by assuming the annual subsequent m o r t a l i t y (m2) i 
I f = 10 per cent 
m^  146 X ( 1 - m^) 
0 . 1 65 
therefore m^  = O.18 or I 8 per cent. 
I t i s now p o s s i b l e to examine the p o t e n t i a l population 
change and compare i t with the known i n c r e a s e for the I s l e of May 
Her r i n g G u l l s , Capildeo & Haldane (195^) published t a b l e s 
which i n t e r r e l a t e d fecundity, the average age at which females 
s t a r t to breed, and population change : 
Fecundity ( f ) = § ^ ^»s 
where c = mesm number of eggs l a i d per year 
k = f r a c t i o n of eggs from which c h i c k s survive 
for one year, assuming an equal sex r a t i o 
(c.k i s therefore the number of young a l i v e 
a f t e r one year produced by each femalejl 
5 = annual a d u l t s u r v i v a l 
Combining the c o n t r o l data f or the 1967 and I 9 6 8 seasons, 
a t o t a l of 1 ,313 c h i c k s were a l i v e a f t e r one year, and were 
produced by 2,004 females n e s t i n g on the I s l e of May (feaSed^.on 
the estimated m^  of I 8 per c e n t ) . Thus, i f s = 0 ,9 «ind 
c.k = 0 . 6 5 5 , then f = 0 . 3 6 4 . From Table I (Capildeo & Haldane 
1954 , p.2 1 8 ) , for a spe c i e s tsGcing four years to mature, when 
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f = 0,364, X = 1,2064 where x i s a v a r i a b l e such that ( s , x ) i s 
an estimation of the population change. 
s,x = 1,086 
t h e r e f o r e the percentage i n c r e a s e i n the population each year 
i s 8,6 per cent. 
This f i g u r e i s not c o n s i s t e n t with the known f a c t s , 
i . e . 13.3 per cent i n c r e a s e (see Section 3 ) , The most l i k e l y 
e r r o r i n these c a l c u l a t i o n s i s the estimate of annual adult 
m o r t a l i t y , s i n c e c l u t c h s i z e , fledging success and f i r s t and 
second year r e c o v e r i e s have been studied i n d e t a i l . Using 
the scime formulae f o r fecundity and. mortaility estimates, the 
f i r s t year m o r t a l i t y and population change were c a l c u l a t e d 
f o r v a r i o u s estimates of annual adult m o r t a l i t y from 4 to 
20 per cent ( F i g . 4 0 ) . I n t h i s a n a l y s i s the I967 and 1968 
data were t r e a t e d s e p a r a t e l y , as there was considerable 
d i f f e r e n c e between the f l e d g i n g success i n the two yea r s . 
Most of t h i s can be a t t r i b u t e d to the four cannibals on 
the North Ness c o n t r o l area i n I968, Only two of these 
were a c t i v e the previous year, and the c o n t r o l areas i n 
1967 included p a r t s of the islaind where camnibalism was 
l e s s evident than on North Ness. I n f a c t , i f the 11.8 
per cent p r e - f l e d g i n g m o r t a l i t y caused by these four cannibals 
i n 1968 i s discounted, the modified fecundity i s s i m i l a r to 
the previous year ( i . e . O.9O c h i c k s fledged per p a i r compared 
with 0.91 i n 1967); the r e g r e s s i o n l i n e s f o r the estimated 
population change i s a l s o the seime (Fig.40), 
Figure 40 
The r e l a t i o n s h i p between the estimated annual change i n the 
Herring G u l l population f o r various values of annual ad u l t 
m o r t a l i t y under known conditions of fecundity. The two l i n e s 
r e f e r to the estimated fecundity with and without the four 
c a n n i b a l s on North Ness 1968, the l a t t e r b e i n g - s i m i l a r to 
the 1967 estimates of fecundity. The equivalent values of 
f i r s t year m o r t a l i t y f o r v a r i o u s estimates of annual ad u l t 
m o r t a l i t y are based on the r e l a t i o n s h i p betv/een f i r s t and 
second year r e c o v e r i e s 
5 i 
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These r e s u l t s i n d i c a t e that the known population 
i n c r e a s e could only be achieved by an annual adult m o r t a l i t y 
as low as 7.5 per cent and a f i r s t year m o r t a l i t y of only 
l4,5 per cent. These estimates are low compared with other 
s t u d i e s , f o r although f i g u r e s of 10 per cent and l e s s are 
given f o r (see e a r l i e r ) , the f i r s t year m o r t a l i t y i s u s u a l l y 
much higher (e.g. 62?^- Paludan 1951, 60?^ - Hickey 1952, 
579^  - Olsson 1958, 459^  - Paynter I966, 309^  - Brown 1967, 
25^ - Kadlec & Drury I968). The reason for the d i f f e r e n c e 
does not l i e with v a r i a t i o n s i n breeding success (see Table 67), 
but with the r e l a t i v e l y low proportion of f i r s t year r e c o v e r i e s 
compared with subsequent r e c o v e r i e s . For example, i f the 
f i r s t year r e c o v e r i e s are expressed as a percentage of a l l the 
r e c o v e r i e s from both the f i r s t and second y e a r s , the f i g u r e s 
are 69,2 per cent (I966 p u l l i N = 91) and 69.1 per cent 
(1967 p u l l i N = 120). T h i s compares with 88,4 per cent i n 
Denmark (Paludan 1951 N = 704) and 82.8 per cent at Walney 
(Brovm 1967 N = 99), That the percentages were co n s i s t e n t 
from one year to the next suggest that the r e s u l t i s v a l i d , 
and indeed that t h i s low f i r s t year m o r t a l i t y i s the reason 
f o r the I s l e of May Herring G u l l s showing the f a s t e s t i n c r e a s e 
of non-immigratory populations recorded (see Section 3 ) , 
One f i n s i l point may be gathered from t h i s a n a l y s i s . 
I f the i n c i d e n c e of cannibalism on North Ness was r e p r e s e n t a t i v e 
of the s i t u a t i o n elsewhere on the i s l s i n d , then the population 
i n c r e a s e would be reduced from 13.3 per cent to 9.2 per cent 
by t h i s agent alone ( i . e . only 4 cannibals from 903 p a i r s -
F i g . 4 0 ) , T h i s assiunes a constant adult and f i r s t year 
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m o r t a l i t y , a period of years under t h i s a l t e r e d regime, and 
the premise th a t the 1967 breeding success i s s i m i l a r to 
those e a r l i e r y e a r s that produced the present population 
dynamics. Of course the I967 season with i t s cannibalism 
may a l s o have been l e s s s u c c e s s f u l than e a r l i e r years, £ind 
i t i s t h e r e f o r e p o s s i b l e t h a t cannibalism has already a l t e r e d 
the f e c u n d i t y sind r a t e of i n c r e a s e of the population. Any 
long term i n c r e a s e i n the r e l a t i v e ntxmbers of cannibals w i l l 
a f f e c t the f l e d g i n g success and u l t i m a t e l y the r a t e of 
population change. 
I t i s p o s s i b l e to c a l c u l a t e the average expectancy of 
f u r t h e r l i f e , u s i n g the r e l a t i o n s h i p given by Lack (1954) : 
2 - m e = 
2.m 
where e = average expectancy of f u r t h e r adult l i f e 
m = p r o p o r t i o n a l aumual adult m o r t a l i t y . 
Assuming a 7.5 per cent annual adult m o r t a l i t y , the average 
expectancy of f u r t h e r l i f e f o r a d u l t s breeding for the f i r s t 
time becomes 12.8 y e a r s . The four years of immaturity then 
give a t o t a l age of l6,8 y e a r s , which w i l l be s i m i l a r to 
estimates by Kadlec & Drury (I968), but older than f i g u r e s 
given i n s t u d i e s where higher a d u l t m o r t a l i t y r a t e s were 
recorded. For example, a 10 per cent annual adult m o r t a l i t y 
would r e s u l t i n an average age of 13,5 years (Drost et a l I96I), 
These c a l c u l a t i o n s emphasise the longevity of the 
Herring G u l l , and above a l l i l l u s t r a t e the need for long term 
c o n t r o l methods i f populations are to be s u c c e s s f u l l y checked 
or reduced. 
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9,5 Di s p e r s i o n 
A f t e r f l e d g i n g the young Herring G u l l s disperse quite 
r a p i d l y to both s i d e s of the F i r t h of Forth, By September 
the r e c o v e r i e s i l l u s t r a t e the southerly movement of the g u l l s 
down the e a s t coast of England, smd a l s o a c r o s s land to the 
south west coast of Scotland, Very few ringed g u l l s were 
recovered or seen north of Dundee ( F i g . 4 l ) , whereas reports 
from the south of England and even Holland were not uncommon. 
A f t e r t h e i r f i r s t winter there i s a noticeable return 
of young g u l l s to the F i r t h of Forth. This i s shown s t a t i s t i c -
a l l y by expr e s s i n g d i s p e r s i o n as the mean distance of r e c o v e r i e s 
from the I s l e of May measured i n log.miles (Fig. 4 2 ) . F i r s t 
w i n t er r e c o v e r i e s (December to February) were I . 8 3 - O.O7 log. 
mil e s from the i s l a n d , which i s reduced s i g n i f i c a n t l y to 
1.63 - OV06 log.miles i n the sp r i n g and summer - i . e . May to 
August (p<(0.05). However, although Gross (1940) suggested 
that the f i r s t yegr b i r d s f l y f u r t h e r than second year and: 
older b i r d s , the I s l e of May r e c o v e r i e s i n d i c a t e an equally 
d i s t a n t second winter d i s p e r s i o n ( F i g , 4 2 ) , This i s followed 
by a more convincing r e t u r n to the F i r t h of Forth i n the summer* 
These second year b i r d s are often seen r o o s t i n g on the outlying 
rocks of the i s l a n d during the breeding season. 
I t i s i n the t h i r d winter that the southerly d i s p e r s i o n 
becomes l e s s e x t e n s i v e , and many three year old b i r d s are seen 
on the i s l a n d i n the following spring and smnmer. Indeed, 
some of t h i s year c l a s s take up t e r r i t o r i e s and a few l a i d 
eggs and rear e d c h i c k s . Two p a i r s of L e s s e r Black-backed 
Figure 43i 
Recoveries i n Northern England and Scotland of Herring G u l l s 
ringed as p u l l i during t h i s study ( i . e , 1966 - I969); 
excluding 22 r e c o v e r i e s i n southern England, 3 i n Holland, 
and one i n each of Belgium, Fremce and Germeiny 
• one recovery 
• ten recoveries 
Figure 4 l 
Mean distance of r e c o v e r i e s from the I s l e of May (log.miles 
i 2 stamdard e r r o r s ) according to the month and year of 
fled g i n g 
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G u l l s a l s o reached maturity a t that age. Although i t was 
a s u b j e c t i v e impression, i t appeared that those g u l l s which 
defended t e r r i t o r i e s and attempted to breed as three year 
old b i r d s had a more advemced adult plumage than the non-
breeders of the same age. This onset of maturity and return 
to the v i c i n i t y of the I s l e of May i s c l e a r l y r e f l e c t e d by the 
r e c o v e r i e s ( F i g , 4 2 ) , 
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SECTION TEN 
DISCUSSION 
10,1 Seasonal v a r i a t i o n s i n breeding success 
The timing of breeding seasons i n temperate regions 
i s u l t i m a t e l y regulated by the a v a i l a b i l i t y of food, and memy 
f a c t o r s i n the breeding biology of b i r d s are regarded as 
adaptations to a seasonal supply of food (Lack 1954), The 
time of l a y i n g , c l u t c h - s i z e and subsequent success of f l e d g l i n g s 
are d i r e c t l y or i n d i r e c t l y a f f e c t e d by the amount of food the 
i n d i v i d u a l parents can c o l l e c t ( P e r r i n s 1970), However, some 
s p e c i e s of s e a - b i r d s , notably the g u l l s (Vermeer I963, H a r r i s & 
Plumb 1965), may be capable of reau-ing more c h i c k s than t h e i r 
c l u t c h - s i z e allows, and Lack (1966) regards t h i s as a r e s u l t 
of an unusually favourable l o c a l food supply. 
An i n c r e a s e i n food a v a i l a b i l i t y , p a r t i c u l a r l y f i s h 
o f f a l , human waste and agricultureuL m a t e r i a l are probably 
r e s p o n s i b l e f o r the i n c r e a s e i n Herring G u l l populations 
noted i n many c o l o n i e s . N a t u r a l l y , a change i n the feeding 
behaviour of g u l l s was necessary before these r e l a t i v e l y recent 
food sources could be f u l l y e xploited, and the Herring G u l l s 
breeding on the I s l e of May appear to have achieved t h i s 
change. This population has been i n c r e a s i n g annually at 
a r a t e of 13.3 P©r cent s i n c e the beginning of t h i s century. 
Normal, and an experimentally delayed, breeding seasons 
were therefore studied to examine whether the time of breeding 
l i m i t s subsequent n e s t i n g s u c c e s s . 
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P e r r i n s (1970) presented evidence that b i r d s p e c i e s 
may delay egg l a y i n g u n t i l the female can f i n d enough food 
to form eggs; a l s o , Lack (I967) showed that c l u t c h - s i z e 
and the r e l a t i v e s i z e of eggs i n waterfowl are i n v e r s e l y 
r e l a t e d , and suggested that "the female has l i m i t e d food 
r e s e r v e s which can be used to form e i t h e r a few large eggs 
or more small ones". Both egg-size and c l u t c h - s i z e of the 
Herring G u l l were l a r g e s t a t the beginning of the season, 
which i n d i c a t e s that e a r l y breeders had aimple food supplies 
f o r egg production. Indeed, the timing of the breeding 
season was so s i m i l a r over four years that i t must be 
independent of a v a r i a b l e , even i f favourable, food supply. 
The termination of leiying i s l i k e w i s e independent 
of food s u p p l i e s . I t occurs a t a time when there i s enough 
food f o r young as w e l l as a d u l t s , and yet the s i z e aind numbers 
of eggs l a i d by each female decreases p r o g r e s s i v e l y and 
s i g n i f i c a n t l y through the .season. Even i n the co n t r o l areas, 
79 per cent of the females l a y l e s s than the usual c/3 a f t e r 
22 May, although egg removal shows that 60 per cent could l a y 
a t l e a s t four eggs each. Other s p e c i e s , f o r exEimple, the 
Ki t t i w a k e (Coulson & White 1958a) and Great T i t ( K l u i j v e r 1951), 
a l s o have a reduced c l u t c h - s i z e l a t e r i n the season, aind 
P e r r i n s (1970) suggests that i t i s an adaptation to a poorer 
chajice of r a i s i n g l a t e hatching young. 
Egg s i z e , and p a r t i c u l a r l y the food reserve of the 
yolk, are important i n a s s i s t i n g the s u r v i v a l and a c t i v i t y of 
c h i c k s i n t h e i r f i r s t post-hatching days. Indeed, the 
c o r r e l a t i o n s between egg-size and both hatching success and 
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e s p e c i a l l y post-hatching s u r v i v a l i n d i c a t e a s e l e c t i v e 
advantage f o r l a y i n g l a r g e eggs. There i s evidence from 
p r o t r a c t e d and repeat l a y i n g s that f o l l i c l e s and eggs must 
reach a c e r t a i n s i z e before ovulation occurs, and i t i s 
th e r e f o r e suggested that t h i s i s an adaptation to prevent 
the l a y i n g of sma l l eggs with l i t t l e chance of producing 
fledged young. Nevertheless, despite t h i s minimal s i z e 
l i m i t there i s considerable v a r i a t i o n between the extremes 
of egg volume, for example from 66-90cc for a and b-eggs 
( i . e . means ^Zstandard d e v i a t i o n s ) . This range i n egg-size, 
and eilso i n c l u t c h s i z e , i l l u s t r a t e s d i f f e r e n c e s i n the 
c a p a b i l i t y of i n d i v i d u a l s to l a y eggs and, furthermore, i t 
appears to be a behavioural response to the i n t e n s i t y of the 
reproductive d r i v e , r a t h e r than to the food a v a i l a b i l i t y . 
To summarise, egg l a y i n g i n the Herring G u l l i s 
determined by proximate f a c t o r s that are r e l a t e d to the 
timing of the season r a t h e r than to the l o c a l food supply. 
I n d i v i d u a l v a r i a t i o n s i n the numbers sind s i z e of eggs l a i d 
r e f l e c t the f i t n e s s of the parents which may, i n part, be 
due to the age of the female. However, i r r e s p e c t i v e of age, 
some g u l l s l a y small c l u t c h e s and small eggs and these stand 
l e s s chance of hatching thein l a r g e r eggs and eggs i n the 
u s u a l c/3; i t i s these d i f f e r e n c e s t h a t seem to r e f l e c t the 
i n t e n s i t y of the reproductive d r i v e . 
A decreasing s u r v i v a l of young with an i n c r e a s i n g 
l a t e n e s s of season found i n some spec i e s was regarded by 
P e r r i n s (1970) as evidence f o r a worsening food supply, 
and he added tha t " t h e o r e t i c s i l l y i t i s p o s s i b l e • that some 
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other form of c o u n t e r - s e l e c t i o n a c t s a g a i n s t e a r l y breeding, 
but none seems to be known. The one most l i k e l y to a f f e c t 
the date of l a y i n g i s that of in c r e a s e d m o r t a l i t y among e a r l y 
breeders there i s no evidence that t h i s occurs". 
Since e a r l y breeding i n the Herring G u l l i s not delayed by 
food a v a i l a b i l i t y , the question a r i s e s as to why the spec i e s 
does not breed even e a r l i e r than a t present. 
The hatching success i n both c o n t r o l and delayed 
breeding was c o r r e l a t e d with n e s t i n g synchronisation r a t h e r 
than the time of l a y i n g , so that eggs l a i d during the peak 
l a y i n g period i n any area were the most s u c c e s s f u l . I t i s 
probable that egg predation by Herring G u l l s themselves i s 
re s p o n s i b l e f o r t h i s r e l a t i o n s h i p . S i m i l a r l y , e a r l y amd l a t e 
hatched c h i c k s s u f f e r e d a higher pre-fledging m o r t a l i t y than. 
those hatching i n the middle of the season. This again applied 
to both c o n t r o l and delayed areas, so that the synchronisation 
of n e s t i n g was once more the most important f a c t o r i n determining 
the p r e - f l e d g i n g s u c c e s s . The s t u d i e s on csmnibalism showed 
that much of the lower s u r v i v a l of e a r l y and l a t e hatched 
young was a l s o due to predation, although very l a t e hatching 
c h i c k s i n I968 a l s o succumbed to adverse weather conditions. 
There was no evidence throughout the study for a 
d i r e c t shortage of food, and so the synchronisation of nesting 
appears to have an anti-predator function; The Herring G u l l 
i t s e l f caused a s e l e c t i o n a g a i n s t any de v i a t i o n from the main 
peak of l a y i n g , and therefore that s e l e c t i o n w i l l tend to 
maintain the timing of the breeding season i r r e s p e c t i v e of 
food a v a i l a b i l i t y . Furthermore, l a t e breeding did not appear 
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to be a disadvantage, providing that the delay applied to the 
group as a whole. 
The a n a l y s i s of f i r s t winter r e c o v e r i e s eilso showed 
a s e l e c t i v e advantage f o r n e s t i n g i n the middle of a w e l l 
defined breeding season, emd i n p a r t i c u l a r a s e l e c t i o n against 
e a r l y breeding. The reasons f o r a s i g n i f i c a n t l y greater f i r s t 
w i n t er m o r t a l i t y of e a r l y hatched c h i c k s i s somewhat obscure, 
but i t was f u r t h e r evidence f o r the disadvantages of breeding 
too e a r l y i n the season, 
10,2 Aspects of chick m o r t a l i t y 
The Herring G u l l s t a r t s s to incubate eggs before i t s 
c l u t c h i s complete, and t h i s r e s u l t s i n the asynchronous 
hatching of c h i c k s . This hatching sequence, and the smaller 
s i z e of the c-egg, both contribute to the higher post-hatching 
m o r t a l i t y the c - c h i c k s u f f e r s compared with i t s s i b l i n g s . I n 
some s p e c i e s t h i s phenomenon i s regarded as an adaptation to 
an unpredictable food supply, so that the weaker, l a t e r 
h atching c h i c k s die r a t h e r thaun the e n t i r e brood s u f f e r 
(Hack 195^). However, there appears to be ample food 
a v a i l a b l e to the adult Herring G u l l s during the hatching 
period, and yet these c h i c k s are dying of exposure and 
s t a r v a t i o n . The changes involved between incubation and 
parenthood are obviously important to the s u r v i v a l of the 
c h i c k s . I t i s suggested that t h i s d i f f e r e n t i a l m o r t a l i t y 
i s an i n d i c a t i o n of a breeikdown i n the behaviour of the adults, 
r a t h e r than a response to a food shortage. 
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An extreme case of the i n a b i l i t y of the adult to 
a d j u s t to a complete brood i s the incidence of kronism. 
1 
T h i s form of J u v e n i l e m o r t a l i t y i s believed i n some spe c i e s 
to i n d i c a t e shortage i n the p r e v c i i l i n g food s u p p l i e s (Ingram 1959). 
Perhaps the c h i c k s eaten by t h e i r parents, or even by t h e i r 
s i b l i n g s , are a l r e a d y weak and doomed i n d i v i d u a l s . However 
the p h y s i c a l s t a t e may not be the r e s u l t of a general food 
shortage and indeed i n the Herring G u l l t h i s seems u n l i k e l y . 
I n s t e a d , i t may again be eui example of a lowered reproductive 
d r i v e and a breakdown i n the behaviour required to s u c c e s s f u l l y 
r e a r c h i c k s and i n h i b i t predation near the nest s i t e . I t i s 
not p o s s i b l e to judge whether t h i s i n a b i l i t y to cope with 
c h i c k s i s r e l a t e d to density or population s i z e , nor whether 
kronism i s a form of sociaJ.ly induced m o r t a l i t y reducing 
recruitment i n a colony approaching the l i m i t s of. i t s food 
supply i n the manner suggested by V7ynne-Edwards (I962), 
S i m i l a r d i f f i c u l t i e s are encountered over the 
i n t e r p r e t a t i o n of the reasons for cannibalism. I t may be 
th a t i n a dense breeding colony, c h i c k s are a more a c c e s s i b l e 
and p r e f e r r e d source of food. As such, cannibalism need not 
i n d i c a t e a food shortage, nor need i t be an adaptation evolved 
by group s e l e c t i o n to curb recruitment. Nevertheless, only 
four cannibals i n an area of over 900 n e s t s are able to reduce 
the annuauL fecundity of the sub-colony, and could, p o t e n t i a l l y , 
reduce the annual r a t e of i n c r e a s e i n breeding p a i r s from 
13 per cent to 9 per cent under e x i s t i n g conditions. 
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10,3 Control of the Herring G u l l population 
The Herring G u l l population on the I s l e of May has 
been doubling i t s numbers every s i x years, r e s u l t i n g i n 
s a t u r a t i o n and the displacement of other breeding sea-birds, 
e s p e c i a l l y t e r n s . I t s e f f e c t on w i l d l i f e alone j u s t i f i e s 
a c o n t r o l programme sdmed not only a t curbing the in c r e a s e 
but a l s o a t reducing the present numbers of breeding p a i r s . 
The removal of adult g u l l s i s the most e f f e c t i v e way 
of a c h i e v i n g these aims q u i c k l y , but the use of drugs to k i l l 
or s t e r i l i s e and the p o s s i b l e p u b l i c outcry to any slaughter 
may malce t h i s method unacceptable. 
With or without c o n t r o l of adult g u l l s , a continuous 
andi e f f e c t i v e reduction i n breeding e f f i c i e n c y i s necessary. 
With l i m i t e d funds and labour a v a i l a b l e , t h i s should be done 
by the cheapest and l e a s t l a b o r i o u s method. I n small colonies 
p a i n t i n g or p r i c k i n g of eggs may be e f f e c t i v e i f done thoroughly. 
However, when d e a l i n g with as many as 301000 - 40,000 eggs t h i s 
method, r e q u i r i n g a person to bend down and administer to each 
egg, becomes both t i r i n g £ind l a b o r i o u s . The a l t e r n a t i v e i s 
to break eggs but not i n a haphazard and i n e f f i c i e n t manner. 
The Herring G u l l takes four weeks to incubate eggs 
and two weeks to r e - l a y . As the l a y i n g season s t a r t s i n l a t e 
A p r i l , a l l a c c e s s i b l e eggs should be broken i n mid-May and 
subsequently every three weeks to allow f o r l a t e l a y e r s and 
repeat c l u t c h e s . Clutches cam be broken merely by stabbing 
then with a s t i c k and only three or, a t the most, four 
breaking s e s s i o n s are necessary. I t i s f e l t that t h i s would 
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be the most e f f e c t i v e method of control f o r e a s i l y a c c e s s i b l e 
c o l o n i e s , though a more permanent s t e r i l i s a t i o n such as 
p a i n t i n g once a season might be pr e f e r r e d i n colonies that 
are d i f f i c u l t to v i s i t . 
The e f f e c t i v e n e s s of t h i s method must be coasidered 
i n the context of a s p e c i e s with a low annual adult s u r v i v a l 
r a t e and, t h e r e f o r e , one which r e q u i r e s only a low annual 
recruitment r a t e . S u c c e s s f u l breeding i n a few i s o l a t e d 
or i n a c c e s s i b l e areas could undo a considerable amount of 
egg d e s t r u c t i o n . Further, problems of iDimigration i n t o the 
are a and the length of time egg d e s t r u c t i o n has to continue 
to produce a given reduction m i t i g a t e s agadnst t h i s method. 
The choice of method i s l a r g e l y determined by pu b l i c r e l a t i o n s 
and the speed a t which a decrease i s d e s i r e d . 
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SUMMARY 
1. Various aspects of the breeding biology of the Herring 
G u l l were studied on the I s l e of May, Scotland, from 
1966-1969 i n c l u s i v e . Research was p r i m a r i l y concerned 
with the r e l a t i o n s h i p between n e s t i n g success and the 
timing of the breeding season. 
2. The breeding seasons were extended by an egg removal 
programme to exaggerate any e f f e c t s due to the time 
of l a y i n g i n the season. 
3. The I s l e of May Herring G u l l population has been 
i n c r e a s i n g s i n c e 1907 a t a r a t e of 13.3 per cent per year. 
I t i s suggested that t h i s i n c r e a s e i s due to a favourable 
food supply provided mainly by man, which has l e d to a 
low f i r s t year and ainnual adult m o r t a l i t y . 
k. The numbers of Herring G u l l s i n many p a r t s of the world 
have l e d to concern over t h e i r propagation of dise a s e s , 
c o l l i s i o n s with a i r c r a f t , and t h e i r e f f e c t on other 
s p e c i e s of w i l d l i f e . 
5. I n a l l , 95 per cent of ringed a d u l t s returned to t h e i r 
previous t e r r i t o r i e s i n subsequent years, and Herring G u l l s 
breeding f o r the f i r s t time returned to that part of the 
i s l a n d from which they fledged. 
6. The f i r s t eggs were l a i d between 26-28 A p r i l (I967-69) 
and 50 per cent of the t o t a l l a y i n g i n the c o n t r o l areas 
took place between I6-I8 May. 
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7, Nests were d i s t r i b u t e d uniformly within the colony, as 
a consequence of t e r r i t o r i a l behaviour. However, the 
onset of l a y i n g was synchronised with various aggregations 
w i t h i n the colony l a y i n g at the same time. I t i s suggested 
tha t t h i s i s a r e s u l t of s o c i a l s t i m u l a t i o n . Late l a i d 
c l u t c h e s were commonly s i t u a t e d on the edge of the colony, 
8, The i n t e r v a l between the l a y i n g of eggs i s 48,9 hours, 
and Herring G u l l s take on average 13.2 days to r e - l a y 
a f t e r a l o s t c l u t c h . The a b i l i t y to r e - l a y decreases 
p r o g r e s s i v e l y through the season, 
9, The u s u a l number of eggs i n a c l u t c h i s three, but 
S o per cent of Herring G u l l s are able to l a y a fourth egg 
i f the f i r s t egg i s removed wit h i n 12 hours of l a y i n g , 
Tf/hen eggs were repeatedly taken from 102 n e s t s , each 
withdLn 12 hours of l a y i n g , protracted l a y i n g s of up to 
twelve eggs occurred i n 11 n e s t s . Also, i n 60 n e s t s , 
s i x or more eggs were l a i d . The Herring G u l l i s therefore 
not a determinate l a y e r , but only a few i n d i v i d u a l s are 
capable of the p r o t r a c t e d l a y i n g a s s o c i a t e d with 
indeterminate l a y e r s . 
10, The numbers and s i z e of eggs i l l u s t r a t e d the varying 
f i t n e s s of females to l a y eggs. Protracted l a y e r s 
produce la'rger and more eggs than those females who 
r e q u i r e a r e s t i n g i n t e r v a l during an extended l a y i n g 
p e riod. S i m i l a r l y , i n c o n t r o l conditions the eggs 
l a i d i n c/2 were s i g n i f i c s m t l y smaller thsin those 
l a i d i n c/3. 
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11. The c l u t c h - s i z e can be reduced and l a y i n g even suppresse(i 
by the a d d i t i o n of eggs during the p r e - l a y i n g period, 
but not a f t e r the f i r s t egg (a-egg) has been l a i d . 
12. The mean incubation period from l a y i n g to hatching i s 
29,96 days f o r the a-egg and 27,00 days for the c-egg. 
Incubation begins during the l a y i n g period so that the 
a-egg embryo i s 12 hours i n advance of the b-egg embryo, 
and kk hours i n advaince of the c-egg embryo during the 
i n i t i a l stages of incubation, 
13. The c-egg i s s i g n i f i c a n t l y smaller than the a-egg by 
11 per cent. The onset of incubation during the l a y i n g 
period appears to be responsible for t h i s d i f f e r e n c e , 
but the depressive e f f e c t on the s i z e of the c-egg i s 
r e s t r i c t e d to the albumen and not to the yolk, 
Ik, Comparisons of yolk s i z e s of eggs i n d i c a t e s that a 
f o l l i c l e must atteiin a c e r t a i n s i z e before i t w i l l 
undergo o v u l a t i o n . I n s t e a d of l a y i n g p r o g r e s s i v e l y 
smaller eggs, t h i s minimum s i z e l i m i t s the number of 
eggs a p a r t i c u l a r i n d i v i d u a l can l a y . 
15, There i s a progressive and s i g n i f i c a n t decrease i n 
the mesm egg volumes through the season, which i s 
l e a s t i n the a-egg and most i n the c-egg. 
16, Re-laying causes a small but a d d i t i o n a l l o s s i n t o t a l 
egg volume above that expected by the progress of the 
season. I t i s mainly due to a smaller a-egg i n 
r e - l a i d c l u t c h e s . There i s a minimal s i z e for the 
c-egg, below which i t i s re-absorbed and not l a i d , 
r e s u l t i n g i n a c l u t c h of two eggs. The seasonal 
d e c l i n e i n egg volume i s therefore coincident with 
a decrease i n c l u t c h s i z e . 
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17. G u l l s n e s t i n g at the same time i n the season l a i d 
fewer and smaller eggs on the edge of the colony 
compared with the c e n t r e . This i n d i c a t e s a d i f f e r e n c e 
i n the q u a l i t y of the b i r d s , although no d i f f e r e n c e i n 
the breeding success was detected. 
18. The yolk i s the l e a s t v a r i a b l e component of the egg, 
but eggs l a i d i n the -middle of the l a y i n g period 
contained r e l a t i v e l y more yolk than e a r l i e r or l a t e r 
l a i d eggs. The hexane soluble l i p i d weight of yolk 
i s p o s i t i v e l y c o r r e l a t e d with egg s i z e and so the 
l a t t e r i s an appropriate guide to the energy a v a i l a b l e 
to the embryo and c h i c k , 
19. The incubation period i s longer for Isurge eggs compeired 
with small eggs, and s h o r t e r f o r eggs l a i d l a t e r i n the 
season. 
20. Hatching s u c c e s s was p o s i t i v e l y c o r r e l a t e d with egg s i z e , 
except f o r very l a r g e eggs, and the hatching success of 
r e - l a i d c l u t c h e s was not s i g n i f i c c i n t l y d i f f e r e n t from 
normal c l u t c h e s , 
21. Egg volume and c h i c k hatching weight are p o s i t i v e l y 
c o r r e l a t e d , 
22. The c h i c k hatching from the c-egg s u f f e r e d a 
s i g n i f i c e i n t l y higher post-hatching m o r t a l i t y than i t s 
s i b l i n g s (55 per cent compared with 20 per cent w i t h i n 
seven days of h a t c h i n g ) . I t a l s o weighed l e s s than 
e i t h e r of the other two c h i c k s . To evaluate whether 
the c h i c k weight or the sequence of hatching was important 
i n determining t h i s d i f f e r e n t i a l m o r t a l i t y , an egg t r a n s f e r 
experiment was c a r r i e d out. The r e s u l t s showed that both 
f a c t o r s were i n f l u e n c i n g the m o r t a l i t y of the c-chick. 
193 
23. Egg s i z e and c h i c k s u r v i v a l were c l o s e l y c o r r e l a t e d , 
but the s u r v i v a l of the c-chick was 10 per cent 
lower f o r eggs of the saime s i z e , presumably due to 
the sequence of hatching. 
24. Egg volume and the soluble l i p i d content of hatching 
c h i c k s were p o s i t i v e l y c o r r e l a t e d . I t i s suggested 
that the parent-chick r e l a t i o n s h i p takes some time 
to develop, and that the food reserve ( i . e . l i p i d content) 
i s of considerable importeince i n a s s i s t i n g the s u r v i v a l 
ajid a c t i v i t y of the chick i n i t s f i r s t post-hatching days. 
I t a l s o appears that the Herring G u l l has d i f f i c u l t y i n 
forming a f u r t h e r parent-chick bond when there are eilready 
two e a r l i e r hatched c h i c k s i n the n e s t . 
25. The mean c l u t c h s i z e i n the c o n t r o l areas was 2.73 eggs 
per n e s t . C l u t c h s i z e decreased s i g n i f i c a n t l y a f t e r 
l a t e May, and the decrease was maintained with repeat 
c l u t c h e s i n the delayed a r e a s . Therefore the time of 
l a y i n g seems to be of prime importemce i n determining 
the number of eggs l a i d . 
26. The hatching success was 69,9 per cent i n the co n t r o l 
a r e a s , euad throughout the season c l u t c h e s of one and two 
eggs hatched fewer c h i c k s per egg than three egg c l u t c h e s . 
T h i s may be an i l l u s t r a t i o n of a lower reproductive drive 
i n those b i r d s l a y i n g fewer than the normal c l u t c h of 
three eggs. 
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27^ Eggs l a i d during the peak l a y i n g period were the most 
s u c c e s s f u l and both e a r l y and l a t e l a i d eggs had a 
s i g n i f i c a n t l y lower hatching success, A similcO* 
s i t u a t i o n occurs with r e - l a i d eggs i n the delayed areas, 
and therefore hatching success and n e s t synchronisation 
were c o r r e l a t e d i r r e s p e c t i v e of the time i n the season. 
T h i s c r e a t e s a s e l e c t i o n against any deviation from the 
main peak of l a y i n g . 
28. Hatching success was highest at the most common nes t i n g 
d e n s i t y , eind the f l e d g i n g success was l e a s t at the very 
high and low d e n s i t i e s . I t i s suggested that predation 
c o n t r i b u t e s to the poorer fledging success noted i n areas 
of low n e s t i n g d e n s i t y . This was v e r i f i e d by the 
Herring G u l l cainnibals s i n c e they preyed on c h i c k s 
reared i n the s i g n i f i c a n t l y l e s s dense eireas. The 
higher m o r t a l i t i e s i n the dense areas were a t t r i b u t e d 
to the i n c r e a s e d t e r r i t o r i a l aggression a s s o c i a t e d 
with high d e n s i t i e s , 
29. The m a j o r i t y of the pre-fledging m o r t a l i t y (71.3^ 
of the t o t a l ) occurs w i t h i n ten days of hatching, 
30. There was no d i f f e r e n c e between the fledging success 
of broods of varying s i z e s , 
31. I n the c o n t r o l areas the fledging success decreased 
p r o g r e s s i v e l y through the season, but very e a r l y 
hatching c h i c k s a l s o s u f f e r e d a higher m o r t a l i t y . 
However, the peak of f l e d g i n g success did not coincide 
with the peak of l a y i n g but was s i x days e a r l i e r i n 
the season. 
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32, The delayed areas did not accentuate t h i s seasonal 
d e c l i n e i n fledging success but showed a peak s i m i l a r 
to the c o n t r o l areas but delayed i n the season. 
Thus the l a t e hatching c h i c k s i n the control areas 
s u f f e r e d a s i g n i f i c a n t l y higher m o r t a l i t y than c h i c k s 
hatching at the same time i n the delayed areas:^ and 
n e s t i n g synchronisation was again important i n determining 
the number of c h i c k s f l e d g i n g . Nevertheless, i n 1968 
the weather a l s o contributed to the m o r t a l i t y l a t e r i n 
the season, 
33. The c-chick succumbed more frequently to cannibalism 
and also to kronism than e i t h e r of i t s s i b l i n g s , Kronism 
was noted i n 2 per cent of a l l the c o n t r o l n e s t s . This 
form of m o r t a l i t y i s normally a s s o c i a t e d with protracted 
l a y i n g eind a period of unfavourable food supply. Although 
asynchronous hatching has been demonstrated i n the Herring 
G u l l , the food supply does not appear unfavourable, 
Kronism may therefore be another example of a lower 
reproductive d r i v e , 
34, Four ca n n i b a l s i n I968 ate 11,8 per cent of a l l the 
c h i c k s a v a i l a b l e to them on North Ness ( c o n t r o l a r e a ) . 
E i g h t more l e s s s p e c i f i c cannibals ate smother 11,k per 
cent. These cannibals were f l y i n g d i s t a n c e s of 50-15Qm 
to c o l l e c t c h i c k s , and p r e f e r r e d small chicks of 6,7 days 
mean age. 
35. Cannibals continued t h e i r habit from one year to the next, 
but am example was given of the c o n f l i c t between the 
i n s t i n c t to care and feed i t s own c h i c k s , and the behaviour 
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necessary to k i l l c h i c k s of the same s p e c i e s to 
provide t h i s food. I t i s p o s s i b l e that cannibals 
were e x p l o i t i n g an a c c e s s i b l e source of food found 
i n a r e l a t i v e l y dense breeding colony, but there was 
no evidence that cannibalism and density v/ere r e l a t e d . 
36. Cannibals took a higher percentage of e a r l y and l a t e 
hatched c h i c k s thsm c h i c k s hatching i n the peak of the 
season, and must therefore create a s e l e c t i v e advantage 
fo r breeding i n the middle of a w e l l defined breeding 
season. 
37. Approximately 30 per cent of eggs i n the control areas 
gave r i s e to fledged young, so that 0.7 - 0.9 c h i c k s were 
fledged per p a i r . Reduced recruitment i n the delayed 
areas (0,2 - O.55 c h i c k s per p a i r ) was caused mainly 
by the lower c l u t c h s i z e , although the very bad weather 
i n 1968 created a high pre-fledging m o r t a l i t y of l a t e 
hatching c h i c k s , 
38. 58 per cent of the f i r s t year r e c o v e r i e s were recorded 
between f l e d g i n g and October i n c l u s i v e l y , but a f t e r the 
f i r s t year the highest m o r t a l i t y apparently occurs i n 
the summer months, 
39. Only 1,6 - 3,3 per cent of fledged p u l l i were recovered 
during the f i r s t year. There was a higher recovery of 
e a r l y and l a t e hatched c h i c k s , p a r t i c u l a r l y the former, 
but the s u r v i v a l estimates from s i g h t i n g s of colour-
ringed g u l l s did not v e r i f y t h i s r e s u l t . 
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40, The known population i n c r e a s e could only be achieved 
by an annual a d u l t m o r t a l i t y of 7.5 per cent and a 
f i r s t year m o r t a l i t y of 14.5 per cent under the 
c a l c u l a t e d fecundity. The four cannibals on North 
Hess could p o t e n t i a l l y reduce the population i n c r e a s e 
from 13»3 per cent per year to 9,2 per cent under 
constant conditions of f i r s t yeair and adult mortauLities, 
hi. The average l i f e expectancy f o r the Herring G u l l under 
these c o n d i t i o n s of adult s u r v i v a l i s 16,8 years. 
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APPENDIX I . D e t a i l s of l a y i n g i n North Ness c o n t r o l area 1968-69. 
Niunber of n e s t s i n which a-egg l a i d (excluding 
repeat c l u t c h e s ) through the season, vdth percentage 
of t o t a l and accumulative percentage, ( I n I969 a 
smaller part of North Ness was s t u d i e d ) . 
1968 1969 Date of 
l a y i n g a-egg No,nests % t o t a l acc. % No.nests % t o t a l acc. 
up to 2 May 20 2,2 2.2 8 2.0 2.0 
4 26 2.9 5.1 15 3.8 5.8 
6 2k 2,7 7.8 25 6.3 12.0 
8 63 7.0 14.7 3k 8.5 20.5 
10 68 7.3 22,2 36 9.0 29.5 
12 6k 7.1 29.3 41 10.3 39.8 
Ik 52 5.8 35.1 23 5.8 45.5 
16 82 9.1 44.2 25 6.3 51.8 
18 9k 10 .4 54.6 35 8.8 60.5 
20 91 10.1 64.7 42 10.5 71.0 
22 70 7.8 72.4 33 8.3 79.3 
24 79 8.7 81.2 26 6.5 85.8 
26 50 5.5 86.7 14 3.5 89.3 
28 51 5.6 92.4 12 3.0 92.3 
30 ko 4,4 96.8 15 3.8 96.0 
1 June 15 1.7 98.4 7 1.8 97.8 
a f t e r 3 June Ik 1.6 100 9 2.3 100 
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APPENDIX I I I . Mean egg volume ( c c ) and yolk weights (g) 
of 11 s e r i e s of protracted l a y i n g s , showing 
percentage decrease i n volume from the a-egg onwards 
% decrease i n 
Sequence of Egg volume Yolk weight volume from 
l a y i n g cc - 1 s t . e r r o r g - 1 s t . e r r o r a-egg 
a-egg 80.86 1.45 22.10 0.49 -
b-egg 80.90 1.57 23.37 0.36 0 
c-egg 76.65 1A3 22.18 0.47 5.2 
d-egg 76.82 2.02 22.08 0.49 5.0 
e-egg 75.66 1.98 21.16 0.42 6.4 
f-egg 75.65 1.84 20.50 0.51 6.4 
g-egg 76.70 2.14 20.35 0.75 5.1 
h-egg 74.23 1.56 20.52 0.55 8.2 
i-egg 74.92 2.10 20.60 0.50 7.4 
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APPENDIX IV. Egg volumes (- one standard e r r o r ) through the 
1968 season on North Ness, not i n c l u d i n g repeat 
c l u t c h e s 
^ ^ Egg volume cc Date 
May 1968 N a-egg b-egg c-egg 
3 28 80.25 + 0.98 78.58 + 1.07 71.74 + 1.11 
8 50 78.80 + 1.02 78.14 + 0.96 70.59 + 1.04 
11 38 78.56 + 0.98 75.56 + 0.99 70.80 + 1.06 
13 38 77.22 + 1.04 76.69 + 1.04 70.46 + 0.99 
15 30 78.18 + 1.19 75.67 + 1.28 68.89 + 1.24 
17 k3 77.92 + 0.98 75.56 + 0.88 68.62 + 0.87 
19 37 7$.k7 + 1.06 77.73 + 0.91 69.99 + 0.93 
21 39 77.69 + 0.95 75.60 + 0.93 68.35 + 1.03 
23 3^ 77.9^ + 0.86 76.16 + 0.84 69.58 + 1.00 
25 41 77.68 + 1,01 76.29 + 1.10 69.44 + 1.04 
27 27 75.09 + 1.14 73.53 + 1.09 67.27 +- 1.25 
29 22 78.04 + 1.37 74.47 + 1.09 66.87 + 0.87 
31 24 • 77.65 + 1.22 73.34 + 1.15 66.38 + 1.07 
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APPENDirx. Colour-ringing scheme for I s l e of May 
Herring G u l l p u l l i I 9 6 6 - 6 9 
Rings t M • Monel E = Red Y = Yellow B = Blue 
r = Right l e g 1 = l e f t l e g 
Date or area Ring 
Year of hatching No.ringed combination 
1 9 6 6 normal 3 , 7 3 6 Mr R l 
l a t e SOk Ml Rr 
1 9 6 7 c o n t r o l s 2 , 2 8 2 Mr Y l 
(N.Ness, S.Rona, 
B u r r i a n ( 2 ) ) 
General 1 , 8 3 2 Ml Yr 
Tarbet 5 0 8 Y/Mr Y l 
Bu r r i a n ( l ) 2 6 0 Y/Nr 
B u r r i a n ( 3 ) 2^2 Y / K L 
N.Rona I 0 6 Y/KL Yr 
1 9 6 8 up to 9 June 1 , 1 1 2 B/Mr 
9 - 1 6 June 1 , 6 3 9 Mr B l 
1 6 - 2 3 June 1 , 3 6 9 Ml Br 
a f t e r 2 3 June 7 0 5 B/to 
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APPENDIX X I I , S c i e n t i f i c names of sp e c i e s r e f e r r e d to 
i n the t e x t . 
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A l b a t r o s s , Laysan 
C a p e r c a i l l i e 
Domestic hen 
E i d e r duck 
F l i c k e r 
Fulmar 
Gannet 
G u l l , Black-headed 
Common 
Dominican 
Glaucous-winged 
Great Black-backed 
Herring 
Laughing 
L e s s e r Black-backed 
Heron 
Kittiwake 
Mallard 
Oystercatcher 
Pigeon, wood 
Q u a i l , Bobwhite 
Shag 
Skua, Great 
Stork, White 
Tern, Common 
Sandwich 
T i t , Great 
Wren, House 
Diomedea immutabilis 
Tetrao urogallus 
Gaillus domesticus 
Somateria mollissima 
Colaptes auratus 
Fulmarus g l a c i a l i s 
S ula bassana 
Larus ridibundus 
canus 
dominicanus 
glaucescens 
marinus 
argentatus 
a t r i c i l l a 
fuscus 
Ardea c i n e r e a 
R i s s a t r i d a c t y l a 
Anas platyrhynchros 
Haematopus ostralegus 
Columba palumbus 
Colinus v i r g i n i a n u s 
Phalacrocorax a r i s t o t e l i s 
S t e r c o r a r i u s skua 
C i c o n i a c i c o n i a 
Sterna hirundo 
sandvicensis 
Parus maj or 
Troglodytes aedon 
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